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THE 

Story of the Heavens. 


T he Story of the Heavens ” is the title of our book. We 
have indeed a wondrous story to narrate ; and could we 
tell it adequately it would prove of boundless interest and of 
exquisite beauty. It leads to tlic contemplation of grand 
phenomena in nature and great achievements of human genius. 

Let us enumerate a few of the (juestions which will bo 
naturally asked by one who seeks to learn something of those 
glorious bodies which adorn our skies: What is the Sun — 
how hot, how big, and how distant I Whence comes its heat ? 
What is the Moon? What are its landscapes like? How 
docs our satellite move ? How is it related to the earth ? 
Are the planets globes like that on which we live ? How largo 
are they, and how far oft*? What do wo know of the satellites, 
of Jupiter and of the rings of Saturn ? How was Uranus dis> 
covered What was the intellectual triumph which brought 
the planet Neptune to light ? Then, as to the othen bodies of 
our system, what arc we to say of those mysterious objects, tho 
comets ? ('an we discover the laws of their seemingly capricious 
movements ? Do we know anything of their nature and of tho 
marvellous tails with which they are often decorated ? Mdiat 
can be told about the shooting-stars which so often dash into 
our atmosphere and vanish in a streak of splendour i What is 
the nature of those constellations of bright stars which havo 
been recognised from all antiquity, and of the host of smaller 
stars which our telescopes disclose? (Jan it be true that these 
countless orbs are really majestic suns, sunk to an appalling 
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depth in the uhyss of unfathomable space ? AVhat have we to 
tell of the difierent varieties of stars — of coloured stars, of 
variable stars, of double stars, of multiple stars, of stars that 
seem to move, and of stars that seem at rest ? What of those 
glorious objects, the great star clusters? What of the Milky 
Way ? And, lastly, what can we learn of the marvellous nebuke 
which our telescopes disclose, poised at an immeasurable dis- 
tance ? Such are a few of the questions which occur when we 
ponder on the mysteries of the heavens. 

The history of Astronomy is, in one respect, only too like 
many other histories. The earliest part of it is completely and 
hopelessly lost. The stars had been studied, and some great 
astronomical discoveries had been made, untold ages before those 
to which our earliest historical records extend. For example, 
the observation of the. a])parent movement of the sun, and the 
discrimination between the jdanets and the fixed stars, are both 
to be classed among the discoveries of prehistoric ages. Nor 
is it to bo said that these achievements related to matters of an 
obvious character. Ancient astronomy may seem A^ery ele- 
mentary to those of the present day Avho have been familiar 
from childhood Avith the great truths of nature, but, in the in- 
fancy of science, the men Avho made such discoveries as Ave have 
mentioned must have been sagacious philosophers. 

Of all the phenomena of astronomy the first and the most 
obvious is that of the rising and the setting of the sun. AVe may 
assume that in the daAvn of human intelligence these daily oc- 
currences Avould form one of the first problems to engage the 
attention of those Avhose thoughts rose above the animal anxieties 
of everyday existence. A sun sets and disappears in the west. 
The following morning a sun rises in the east, moves across the 
heavens, and it too disappears in the Avest ; the same appear- 
ances recur every day. To us it is obvious that the sun, Avhich 
appears each day, is the same sun; but this Avould not seem 
reasonable to one ^vho thought his senses shoAved him that the 
earth Avas a flat plain of indefinite extent, and that around the 
inhalfited regions on all sides extended, to vast distances, either 
desert Avastes or trackless oceans. How could that same sun, 
which plunged into the ocean at a fabulous distance in the west. 
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reappear the next morning at an equally great distance in the 
east? The old mythology assorted that after the sun had 
dipped in the ^vestcrn ocean at sunset (the Iberians, and other 
ancient nations, actually imagined that they could lu'ar the 
hissing of the waters when the glowing globe was plunged 
therein), it was seized by Ahdcan and placed in a golden goblet. 
This strange craft with its astonishing cargo navigated the 
ocean by a northerly course, so as to reach the east again in 
time for sunrise the following morning. By certain of the earlier 
physicists it was believed that in some manner the sun was 
conveyed by night across the northern regions, and that darkness 
was due to lofty mountains, which screened otf the sunbeams 
during tlie voyage. 

In the course of time it was thought more rational to 
suppose that the sun actually pursued some route below the 
solid earth during the darkness ot night. The early astrono- 
mers had, moreover, learned to recognise the lixed stars. It 
was noticed that, like the sun, many of these stars rose and 
set in consequence of the diurnal movement, while the moon 
obviously folloAved a similar law. Philosophers thus taught 
that the various heavenly bodies were in the Inibit of actually 
passing beneath the solid earth. 

By the acknowledgment that the whole contents of the 
heavens perfornied these movements, an important stej) in 
comprehending the constitution of the universe had been de- 
finitely taken. It was clear that the earth could not be a 
plain extending to an indefinitely great distance. It Avas also 
obvious that there must be a finite depth to the earth below 
our feet. Nay, more, it became certain that Avhatever the 
shape of the earth might be, it Avas at all OAxaits something 
detached from all other bodies, and poised Avithoul visible 
support in sjiaco. When this discovoiy Avas first announced 
it must have appeared a Axwy startling truth. It Avas so 
difficult to realise that the solid earth on Avhicli Ave stand 
reposed on nothing ! Wliat Avas to keep it from falling ( How 
could it be sustained Avithout tangible support, like the 
legendary coffin of Mahomet? But difficult as it may have 
been to receiA^e this doctrine, yet its necessary truth in 
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due time commanded assent, and the science ot Astronomy 
began. 

The changes of the seasons, the recurrence of seed-time 
and harvest, must, from the earliest times, have been associated 
with certain changes in the position of the sun. In the sum- 
mer at mid-day the sun rises high in the licavcns, in the 
winter it is always low. Our luminary, therefore, performs an 
annual movement up and down in the heavens, as well as a 
diurnal movement of rising and setting. But there is a third 
species of change in the sun s position, Avhich is ]iot quite so 
obvious, though it is still capable of being detected by a few 
careful observations. The earliest observers of the stars can 
hardly have failed to notice that the constellations visible at night 
varied with the season of the year. For instance, the brilliant 
ligure of Orion, though so well seen on winter nights, is absent 
from the summer skies, and the place it occupied is then 
taken by quite different groups of stars. The same may be 
said of other constellations. Each season of the year can thus 
be characterised by the sidereal objects that are cons[)iciious 
at night. Indeed, in ancient days, the time for commencing 
the cycle of agricultural occupations was sometimes indicated 
by the positions of the constellations in the evening. 

By reflecting on these tacts the early astronomers were 
enabled to demonstrate the apparent annual movement of the 
sun. There could be no rational explanation of the changes 
in the constellations with the seasons, except by supposing 
that the place of the sun was altering, so as to make a com- 
plete circuit of the heavens in the course of the year. This 
movement of the sun is otherwise contirmed by looking at 
the west after sunset, and Avatching the stars. As the season 
progresses, it may be noticed each evening that the constella- 
tions seem to sink loAver and loAver towards the Avest, until 
at length they become invisible from the brightness of the 
sky. The disappearance is explained by the supposition that 
the siui appears to be continually ascending from the Avest to 
meet the stars. This motion is, of course, not to bo con- 
founded Avith the ordinary diurnal rising and setting, in Avhich 
all the heavenly bodies participate. It is to be understood 
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that besides being affected by the common motion our 
luminary has a slow independent movement in the opposite 
direction ; so tliat though the sun and a star may sot at tlie 
same tim-c to-day, yet since by to-morrow the sun will have 
moved a little towards the east, it follows that the star must 
tlien set a few minutes before the sun* 

The patient observations of the early astronomers enabled 
the sun’s track through the heavens to be ascertained, and it 
Avas found that in its circuit amid the stars and constellations 
our luminary invariably followed the same path. This is 
called the ecliplw, and the constellations througli Avhich it 
passes form a belt around the heavens knoAvn as the zodiac. 
It Avas anciently divided into tAvelve equal portions or “ signs,” 
so tliat the stages on the sun’s great journey could bo con- 
veniently indicated. The duration of the year, or the period 
required by the sun to run its course around the heavens, 
seems to have been first ascertained by astronomers Avhose 
names are unknoAvn. Tlie skill of the early Oriental geome- 
ters Avas further evidenced by their determination of the 
position of the ecliptic Avith regard to the celestial equator, 
and by their success in the measurement of the angle be- 
tAvecn these two inqxirtant circles on the heavens. 

The principal features of the motion of the moon haxo also 
been noticed Avitli intelligence at an antiquity more remote 
than history. The attentive obserAxa- perceives the important 
truth that the moon does not occupy a fixed ))osition in the 
heavens. Jhiring the course of a single night the fact that 
the moon has moved from Avx>st to cast across the heavens 
can be percciAxd by noting its position relatively to adjacent 
stars. It is indeed probable that the motion of tlie moon 
Avas a discovery prior to that of the annual motion of the 
sun, inasmuch as it is the immediate consequence of a simple 
observation, and iiwolves but little exercise of any intellectual 
poAver. In prehistoric times also, the time of revolution of 
the moon had been ascertained, and the phases of our 
satellite had been correctly attributed to the Aarying aspect 

* It may, howover, be remarked that a star is never sa/t to set, as, owing to 
our atmosphere, it ceases to be visible before it roaches the horizon. 
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under wliicli the sun-illuininatcd side is turned towards the 
earth. 

Ihit we are far from having exhausted the list of great 
discoveries wliich have come down from unknown antiquity. 
Correct explanations had been given of the striking plie- 
nomeiion of a hmav eclipse, in which the brilliant surface is 
plunged temporarily into darkness, and also of the still more 
imposing spectacle of a solar eclipse, in which the sun itseli 
undergoes a partial or even a total obscuration. Then, too, 
the acuteness of the early astronomers had detected the five 
wandering stars or planets : they had traced the movements 
of Mercury and Venus, Mars, Jupiter, and Saturn. They had 
observed with awe the various configurations of these planets ; 
and just as the sun, and in a lesser degree the moon, were 
intimately associated witli the affairs of daily life, so in the 
imagination of these early investigators the movements of 
the planets were thought to be pregnant Avith human Aveal 
or human Avoe. At length a certain order Avas ])erceivcd to 
govern the apparently capricious movements of the planets. 
It Avas found that they oljoycd definite laAvs. The cultivation 
of the science of geometry Avent hand in hand Avith the study 
of astronomy; and as Ave emerge from the dim prehistoric 
ages into the historical period, Ave find that the theory of 
the phenomena of the heavens possessed already some degree 
of rational coherence, 

Ptolemy, folio Aving Pythagoras, Plato, and Aristotle, acknoAV- 
ledged that the eartlTs figure Avas globular, and he demon- 
strated it by the same arguments that Ave employ at the 
present day. He also discerned hoAv this mighty globe Avas 
isolated in space. He admitted that the diurnal movement of 
the heavens could be accounted for by the revolution of the 
earth u]Aon its axis, but unfortunately he assigned reasons for 
the deliberate rejection of this vicAV. The earth, according to 
him, Avas a fixed body ; it possessed neither rotation round an 
axis* nor translation through space, but remained constantly 
at rest in Avhat he supposed to be the centre of the universe. 
According to Ptolemy’s theory the sun and the moon moved 
in circular orbits around the earth, in the centre. The ex' 
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planation of the TnovcTiients of the ])Ianets ho found to be 
more complicated, because it was necessary to account for the 
fact that a planet sometimes advanced and that it sometimes 
retrograded. The ancient geometers refused to believe that 
any movement, except revolution in a cir(de, was possible for 
a celestial body : ac(;ordingly a contrivance was devised by 
which each planet Avas supposed to revolve in a circle, of 
which the centre described another circle around the cjirth. 

Although tlie rtolemaic doctrine is now known to bo 
framed on (piito an extravagant estimate of the iTn[)ortance 
of the earth in the scheme of the heavens, yet it must be 
admitted that the apparent moveim'nts of the celestial bodies 
can be thus accounted for witli considerable accuracy. This 
theory is described in the great work known as tlie “ Almagest,” 
which Avas Avritten in the second century of our era, and Avas 
regarded for fourteen centuries as the final authority on all 
(picstions of astronomy. 

Sucli was the system of Astronomy Avhich prevailed during 
the Middle Ages, and was only discredited at an epoch nearly 
simultaneous with that of the discoATiy of the X(*w World 
by Columbus. The true arrangement of the solar system 
was then ex])ounded by Copernicus in the great Avork to 
Avhich he devoted his life. Tlie first principle established by 
these labours showed the diurnal movement of the heavens 
to be due to the rotation of the earth on its axis, (.’opernicus 
pointed out the fundamental difference between real motions 
and apparent motions; he proved that the appearances pre- 
sented in the daily rising and setting of the sun and the 
stars could be accounted for by the supposil^ion tliat tlio earth 
rotated, just as satisfactorily as by the more cumbrous su])- 
position of Ptolemy. He shoAved, moreover, that the latter 
supposition must attribute an almost infinite A^elocity to the 
stars, so that the rotation of the entire universe around the 
earth Avas clearly a preposterous supjiosition. The second 
great principle, Avhich has conferred immortal glory on Coper- 
nicus, assigned to the earth its true position in the universe. 
Copernicus transferred the centre, about Avliicli all the planets 
revolve, from the earth to the sun ; aixd he established the 
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somewhat humiliating truth, that our earth is merely a 
planet pursuing a track between the paths of Venus and of 
Mars, and subordinated like all the other planets to the 
supreme sway of the Sun. 

This great revolution swept from astronomy those dis- 
torted views of the earth’s importance which arose, ])crhaps 
not unnaturally, from the fact that we happen to be domi- 
ciled on that particular planet. The achievements of 
Copernicus were soon to be followed by the invention of the 
telescope, that wonderful instrument by which the modern 
science of astronomy has been created. To tlie consideration 
of this important subject we shall devote the lirst chapter 
of our book. 










CHAPTER I. 


THE ASTRONOMICAL OBSERVATORY. 

Early Astronomical Observations —The Observatory of Tycho Brahe — The Pupil 
of the Eye — Vision of Faint Objects — The Telescope — Tiie Object-UIass — 
Advantai'es of Large Tclc'Copes — -The Eijuatorial — The Observatory — The* 
Power of a Telescope — Reflecting Telescopes— Lord Posse’s (.treat Refh'ctor 
at Parsonstown — TIuw the mighty Telescope is used— Jnstriimonts of 
Precision — The IMoridiaii (Jircle — The Spider Lines — Delicacy of pointing 
a Telescope —Precautions jiccessary in making Observations — The Ideal 
Instriiinent and the Practical One — Tlie hllimination of Error — Groenwich 
(.fbservatory - -The ordinary Opera-Glass as an Astronomiciil Instrument — The 
(Jreat Pu'ar— Counting the Stars in the Constellation — How to become an 
( Ibscrvt'r. 


The earliest rudinients of the Astrononiical Ohservalory are as 
little known as llio earliest discoveries in astronomy itself. 
Prol)ably the first ajfpHeation of instrumental observation to 
the heavenly bodies consisted in the simple operation of 
ineasurint^ the shadow of a post cast by the sun at noonday. 
The variations in tlie lencfth of this shadow enabled the 
primitive astronomers to invcstii^atc the appai*ent ufovcments of 
the sun. Put even iu very early times speciid astronomieal 
instruments were emjdoycd which possessed sufficient a /curacy 
to add to the amount of astronomical knowledge, and dis- 
played (considerable ingenuity on the part of the designers. 

Professor Newcomb* thus writes : ‘‘ 1die leader was Tyclio 
Brahe, who was born in 154(), three years after the death of 
Copernicus. Ilis attontioii was first directed to tlie study of 
astronomy b}^ an eclipse of the sun on August 21sr, loOO, 
which Avas total in some parts of Europe. Astonished that 
such a phenomenon could be predicted, he devoted himself 
to a study of the methods of obseivatiou and calculation by 


* “ PopuLir Astronomy,” p. GO. 
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wliicli the prediction was made. In 1570 the King of Dem 
mark founded the celebrated observatory of Uraniborg, at 
which Tycho spent twenty years assiduously engaged in ob- 
servations of the positions of the heavenly bodies with the 
best instruments that could then be made. This was just 
before the invention of the telescope, so that the astronomer 
could not avail himself of that powerful instrument. Conse- 
quently, his observations Avero superseded by the im])roved 
ones of the centuries folloAving, and their celebrity and impor- 
tance are principally due to their having afforded Kepler the 
means of discovering his celebrated laAvs of planetary motion.” 

The direction of the telescope to the skies by (Jalileo 
gave a Avonderful impulse to the study of the heavenly 
bodies. This extraordinary man is prominent in the history of 
astronomy, not alone for his connection Avith this supreme 
invention, but also for his achievements in the more abstract 
parts of astronomy. He Avas born at Pisa in 1504, and in 
1001) the first telescope used for astronomical observation Avas 
constructed. Galileo died in 1642, the year in Avhich Newton 
Avas born. It Avas Galileo Avho laid Avith solidity the founda- 
tions of that science of Dynamics, of Avhich astronomy is 
the most splendid illustration ; and it Avas ho who, by pro- 
mulgating the doctrines taught by Copernicus, incurred the 
Avrath of the In(juisition. 

The structure of the human eye in so far as the exquisite 
adaptation of the pupil is concerned presents us Avith an apt 
illustration of the principle of the telescope. To see an 
object, it is necessary that the light from it should enter the 
eye. The portal through Avhich the light is admitted is the 
pupil. In daytime, Avhen the light is brilliant, the iris de- 
creases the size of the puj)il, and thus prevents too much 
light from entering. At night, or Avhenever the light is 
scarce, the eye often requires to grasp all it can. The pupil 
then expands ; more and more light is admitted according as 
the pupil groAvs larger. The illumination of the image on the 
retina is thus effectively controlled in accordance Avith the 
requirements of vision. 

A star transmits to us its feeble rays of light, and from 
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those rays the image is formed. Even with most widely- 
opened pupil, it may, however, happen that tlie image is not 
bright enough to excile the sensation of vision. Here the tele- 
scope comes to our aid : it catches all the rays in a beam whose 
original dimensions were far too great to allow 
of its admission through the pupil. The 
action of the lenses concemt rates those rays 
into a stream slender c'liough to pass through 
th(i small opening. We thus have the bright- 
ness of the imago on the retina intensified. 

It is illuminated witli nearly as much light 
as woidd be collected from the same object 
through a pupil as large as the great lenses 
of the tdescope. 

In astronomical observatories we employ 
teloscop('s of two (‘iitirely diffiTent classes. The 
more familiar forms are those known as 
frdctors, in which the operation of condensing 
the rays of light is condiKited by refraction. 

Th() character of the refractor is shown in 
Fig. 1. I'he rays from the star fall upon the 
object-glass at the end of the telescope, and 
after passing through they become refracted 
into a converging beam, so that all intersect 
at the focus. Diverging from thence, the 
rays encounter the eye-piece, which has the 
effect of rc'Storing them to parallelism. The 
large cylindrical beam Avhich poured down on Tdcscopc. 
the object-glass has been thus condensed 
into a small one, which can enter the impil. It should, how- 
ever, 1)0 added that the composite nature of light requirt's 
a more complex form of object-glass than the simple lens 
here shoAvn. In a rc'fracting telescopt^ we have to (miploy 
what is known as the achromatic combination, consisling of 
one lens of Hint glass and one of croAvn glass, adjusted to 
suit each other with extreme care. 

The appearance of an astronomical observatory, designed 
to accommodate an instrument of moderate dimensions, is 
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shown in the adjoininj,^ figures. The first (Fig. 2) represents 
the dome erected at Uunsink Ohservatory for the equatorial 



telescope, the object-glass of which was presented to the 
Boaj-d of Trinity College, Dublin, by the late Sir James South. 
The main part of the building is a cylindrical wall, on the top 
of which reposes a hemispherical roof. In this roof is a 
shutter, which can be opened so as to allow the observer in 
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tho interior to obtain a view of the heavens. The dome is 
capable of revolving so that ihc) opening iriay bo turned 
toAvards that part of the sky Avhere the object happens to be 
situated. The next view (Fig. 8) exhibits a section through 
the dome, showing the machinery by which an attendant 



Fig. 3. — Section of the Dome of Duiisiuk Observiitory. 


causes it to revolve, as well as the telescope itself. The eye of 
the observer is 2 )laced at the eyc-j^iece, and he is i*e])rc‘sente(l 
in the act of turning a handle, which has tho iJower of 
slowly moving the telescope, in order to adjust the instrument 
accurately on the celestial body Avhich it is desired to observe. 
The two lenses Avhich together form the f)bject-glass of (his 
instrument are twelve inches in diameter, and tho quality of 
the telescope mainly depends on the accuracy Avitli Avhich 
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telescope, the object-glass of Avhich was presented to the 
Boaiji of Trinity College, Dublin, by the late Sir James South. 
The main part of the building is a cylindrical wall, on the top 
of Avhich reposes a hemispherical roof. In this root is a 
shutter, which can be opened so as to allow the observer in 
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the interior to obtain a view of the heavens. The dome is 
capable of revolving so that the opening may be turned 
towards that part of the sky where the ol)ject happens to be 
situated. The next view (Fig. 3) exhibits a section through 
the dome, showing the machinery by Avhich an attendant 



causes it to revolve, as well as the telescope itself. The eye of 
the observer is placed at the eye-piece, and he is ri'presented 
in the act of turning a handle, which has the power of 
slowly moving the telescope, in order to adjust the instrument 
a(icurately on the celestial body which it is desired to observe. 
The two lenses which together form the object-glass of this 
instrument are tAvelve inches in diameter, and the quality of 
the telescope mainly depends on the acxuiracy with which 
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these lenses have been wrone^ht. The eye-piece is a com- 
paratively simple matter. It consists merely of one or two 
small lenses; and various eye-pieces can be employed, accord- 
ing to tlie magnifying power Avhich may be required. It is to 
be observed that for many astronomy liigh 

magnifying powers are not desirable. There is a limit, indeed, 
beyond which the magnification cannot be carried Avith ad- 
vantage. The object-glass can only collect a certain quantity 
of light from the star; and if the magnifying poAver be too 
great, this limited amount of light Avill be thinly dispersed 
over too large a surface, and the result Avill be found unsatis- 
factory. The unsteadiness of the atmosphere still further 
limits the extent, to Avliich the image may be advantageously 
magnified, for every increase of poAver increases the atmo- 
spheric disturbance in the same degree. 

A telescope mounted in the manner here shoAvn is call(‘d 
an rqaatorud. The convenience of this peculiar style of 
supjDorting the instrument consists in the ease Avith Avhich 
the tel(?s(!ope can be inoA'od so as to follow a star in its 
appanait journey across the sky. The necessary movenuaits 
of the tube are giA’cn by (^lockAvork driw^n by a weight, so 
that, once the instrument has been corre(;tly pointed, the star 
Avill rcanain in the observer’s fiedd of vicAv, and the effect of 
the apparent diurnal movenient Avill be lumtralised. ’Fhe 
last refinement in this direction is the application of an elec- 
trical arrangement by A\diich the driving of the instrument, 
is controlled from the standard dock of the observ'atory. 

The poAver of a refracting telesciope — so far as the (expres- 
sion has any definite meaning — is to be measured by the 
diameter of its object-glass. There has, indeed, been some 
honourable riA^alry betAveen the A'arioiis ciAulised nations as 
to Avhich should p(dssess the greatest refracting telescope. 
Among the earliest of the notable instruments successfully com- 
pleted is that erected in 1881 by Sir Howard Grubb, of Dublin, 
at the splcnvdid observatory at Vienna. Its dimensions may 
be estimated from the fact that the object-glass is two feet 
and three inches in diameter. Many ingenious contrivances 
help to lessen the inconvenience incident to the use of an 
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instrument possessing such vast proportions. Among them 
we may here notice the method by which the graduated 
circles attached to the telescope are brought within view 
of the observer. These circles are necessarily situated at 

parts of the instrument which 
lie remote from the eye-piece 
where the observer is stationed. 
The delicate marks and figures 
are, however, easily read from 
a distance by a small auxiliary 
telescope, Avhich, by suitable re- 
flectors, conducts the rays of light 
from the circles to the eye of the 
observer. 

Numerous refracting telescopes 
of exquisite perfection have been 
produced by Messrs. Alvan Clark, 
of Cambridgeport, Boston, Mass. 
One of their most famous tele- 
scopes is the great Lick Refractor 
now in use on Mount Hamilton 
in California. The diameter of 
this object-glass is thirty -six 
inches, and its focal length is 
fifty-six feet two inches.. A still 
greater effort has recently been 
made by the same firm in the 
refractor of forty inches aper- 
ture for the Yerkes Observatory of 
the University of Chicago. The 
telescope, which is seventy-five feet in length, is mounted 
under a revolving dome ninety feet in diameter, and in ordtr 
to enable the observer to reach the eye-piece without using 
inconvenient step-ladders, the floor of the room can be raised 
and lowered through a range of twenty-two feet by electric 
ifiotors. This is shown in Fig. 4, while the south front of the 
Yerkes Observatory is represented in Fig. 0. 

The Yerkes Observatory is certainly the most splendid palace 
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for the study of the heavens which has ever been constructed. 
It was founded and endowed at the expense of Mr. Verkes as a 
department ot the University ot Chicago. The site was cliosen 
so as to give the best climatic condition for celestial observation. 
It stands picturesquely to the north ot the Lake of Ccueva in 
Wisconsin. 

There is ])erhaps a limit to the size ot the refractor depending 
upon the material ot the object-glass, (dass manufacturers 
seem to experience unusual difHcuitics in their attempts to 
form large discs of optical glass ])ure enough and unitorm 
enough to bo suitable for telescojies. These ditiiculties are 
enhanced with every increase in the size of the disc.s, so that 
tlie cost has a tendency to grow at a rate even great la* than 
that of the increase of the object-glass. It may be mentioned 
in illustration that the price paid for the object-glass of the 
Lick telescope exceeded ten thousand pounds. 

There is, however, an alternative method of constructing a 
telescope, in which the dilHcull y we have just mentioned does 
not arise. The principle of the simplest form of rriirft<n' is 
shown in Fig. 5, which represents what is called the Hor- 
scheliaii instrument. Tlie rays of light from th(^ star iindei 
observation fall on a mirror which is both laireliilly sluiped 
and highly polished. After retlectioii, the rays ])roeeed to a 
focus, and diverging from thence, fall on the eye-pirre, l_>y 
which they are restored to parallelism, and thus br.omo 
adapted for reception in the eye. It was essentially «»n this 
principle (though with a secondary Hat mirror at the iijiper 
end of the tube rcHecting the rays at a right angle to the side 
of the tube, where the eye-piece is placed) that Sir Isaac 
Newton constructed the little retlecting telescope whidi is 
now treasured by the Royal Society. A famous inslrumeiit 
of the Newtonian typo was built, half a century ago, by the 
late Earl of Rosse, at Parsonstown. It is represented in 
Fig. 7. The colossal aperture of this instrument has never 
been surpassed ; it has, indeed, never been rivalled. The 
mirror or speculum, as it is often called, is a thick metallic 
disc, composed of a mixture ol two parts of co 2 :)per with one 
of tin. This allo}^ is so hard and brittle as to make the 
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necessary ine(?.liaincal operations diflicult to manage. The 
material admits, however, of a brilliant polish, and of receiv- 
ing and retaining an accurate figure. The Rosse speculum — 



Fi". 8. — Mi'i’idiaii CiicU*. 


six feet in diameter and three tons in weight — reposes af the 
lower end of a telescope fifty-five feet long. The tube is 
suspended between two massive castellated walls, which form 
an imposing feature on the lawn at Ilirr Castle. This instru- 
ment cannot be turned about towiirds every part of the sky, 
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like the equatorials we liavc recently been considering. The 
great tube is only capable ol* elevation in altitude along the 
meridian, and of a si nail lateral inovemcnt east and west of 
the meridian. Every star or nebula visible in the latitude 
of Parsonstowu (except those very near the pole) can, how- 
ever, be observed in the great telescope, if looked for at the 
right time. 

Before the object reaches the meridian, the telescope must 
be adjusted at the right elevation. The necessary power is 
transmitted by a chain from a winch at the northern end of 
the walls to a j^ohit near tlie upper end of the tube. By this 
contrivance the telescope can be raised or lowered, and an 
ingenious system of counterpoises renders the movement 
ecpially easy at all altitudes. The observer then takes his 
station in one of the galleries which give access to the eye- 
piece ; and when the right moment lias arrived, the star enters 
the Held of view. Powerful mechanism drives the great in- 
strument, so as to counteract the diurnal movement, and 
thus the observer can retain the object in view until ho has 
made his measurements or finished his drawing. 

Of late years rcllecting telescopes have been gi'iK'rally 
made with mirrors of glass covered with a tliin film of 
silver, which is capable of reflecting much more light than 
the suriaco of a metallic mirror. Among great reflectors of 
this kind we may mention two, of three and five feet aperture 
respectively, constructed by the late Dr. Common. 

We must not, however, assume that for the general Avork 
in an observatory a colossal instrument is the most suitable. 
The mighty reflector, or refractor, is chiefly of use Avdiere 
unusually faint objects are being examined. For work in 
which accurate measurements arc made of objects not par- 
ticularly difficult to sec', telescopes of smaller dimensions arc 
more suitable. The fundamental facts about tlu' heavenly 
bodies have been chiefly learned from observatioiis obtained 
with instruments of moderate optical power, specially fur- 
nished so as to enable precise measures of position to be 
secured. Indeed, in the early stages of astronomy, important 
determinations of position were efiected by contrivances 
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which showed the direction of the object without any tele- 
scopic aid. 

Pcrliaps the most valuable measurements obtained in our 
modern observalories are yielded by that inslrumcnt of pre- 
cision known as the nirrlilum circle. It is impossible, in 
any adiMpjate a(u*,ount of the Story of the Heavens, to a^mid 
sonu‘ reference to this indispensable aid to astronomical 
research, and therefore we shall ijive a brief account of one 
of its sini])lcr forms, choosint;* for this purpose a great in- 
strument in the Paris Observatory, which is rc[)resent(‘d 
in Fig. S. 

The teh'seope is attac'hed at its (aaitre to an axis at right 
angles to its length. Pivots at each extremity of this axis 
rotate upon iixed bearings, so that tlu' movements of the 
telescope are co7nplct('ly restricted to the ])lano of tla^ 
meridian. Inside the eye-])ie(*e of the U'lescope extremely 
fine verti<'al tlbros are stretched. Tlic ol)server watches the 
moon, or star, or planet enter the Held of view: and he notes 
by the (Hock the exact time, to the frac'tion of a second, at 

which the object passes over each of the lines. A silver band 

on the circle attached to the axis is divided into degrees and 
subdivisions of a degree, and as this circle inoves with the 
telescope, the elevation at which the instrument is point(‘d 
will be indicated. For reading the delicately engraved marks 
and figures on the silver, microscopes are necessary. These 
arc shown in the sketch, each one being fixed into an a])er- 
ture in the wall which supports one end of the instrument. 
At the opposite side is a lam]), the light from which passes 

through the perforated axis of the pivot, and is thence in- 

geniously deflected by mirrors so as to provide fho requisite 
illumination for the lines at the focus. 

The librcs which the observer sees stretched over the Held 
of view of the telescope demand a few words of cx])lanation. 
\\"e require for this purpose a Tuaterial which shall be v(.ay 
fine and fairly durable, as well as somewhat elastic, and of 
no a])preciable weight. These conditions cannot be completely 
fulfilled by any metallic wire, but they are exquisitely realised 
in th(3 beautiful thread which is spun by the spider. The 
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delicate fibres arc stretched witli nice skill across the field of 
view of the telescope, and cemented in their proper places. 
With instriiinents so beantifnlly appointed we can understand 
the precision attained in modern observations. The telescope 
is directed towards a star, and the image of the star is a 
minute point, of light. AVhen that point coincides with the in- 
tersi'ction of the tAVO central spider lines the tek'scope is ])roperly 
sighted. We usi^ the Avord sighted designedly, because Ave Avish. 
to suggest a (‘.omparison betAvcen the sighting of a rifle at the 
target and the sighting of a telescope at a star. instead of 
the ordinary large buirs-cye, suppose that, the target only 
consist (m 1 of a Avatch-dial, AAdiic-h, of course', tlie rifleman 
could not sei' at the distance of any oi-dinary range. l>ut 
Avith tb(‘ tekseope of the meridian circle tlic Avatch-dial 
Avould b(‘ visible (‘ven at the distance of a mik'. The meri- 
dian (*irci(‘ is inde(‘d capable of' su<'h pn‘(‘ision as a sighting 
instruuK'nl that it coidd bo pointed se])arat('ly to each of 
two stars Avhicb subtend at the eye an iingh^ no gre'ater than 
that subteaidc'd by an adjoining pair of the sixty minute 
dots around th<.‘ circumference of a Avatch-dial a mile distant 
from the obsi'rvm*. 

This j)o\v(‘r of directing the instrument so accurately Avould 
be of but little aA^ail unless it W(‘re combined Avith arrange- 
ments by Avhich, Avhen once the telesco])e has been point t'd cor- 
rectly, the position of the star can be ascertaiiK'd and recorded. 
One element in the determination of the ])osition is secured 
by the astronomical clock, Avhicli gives the moment Avhen the 
object crosses the central vortical Avire : the other element is 
given by the graduated circle Avliich shoAvs the angular dis- 
tance of th(‘, star from the zenith or point directly overhead. 

Superb mi'ridian instruments adorn our great observatories, 
and are nightly doA-oted to those measunanents upon Avhich 
the great truths of astronomy are mainly based. These in- 
struments have been constructed Avith refined skill ; but it is 
the duty of the painstaking astrononu'r to distrust the 
accuracy of his instiannent in every conceivable Avay. The 
great tube may be as rigid a structure as mechanical 
engineers can produce ; the graduations on the circle may 
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have been engraved by the most perfect of dividing machines; 
but the conscientious astronomer will not be content with 
mere mechanical precision. That nieridian circle which, to 
the uninitiated, seems a marvellous piece of workmanship, 
possessing almost illimitable accuracy, is viewed in a very 
different light by the astronomer who makes use of it. No 
one can appreciate more fully than ho the skill of the artist 
who has made that meridian circle, and the beautiful con- 
trivances for illumination and reading off which give to the 
instrument its perfection ; but while the astronomer recog- 
nises the beauty of the actual machine he is using, he has 
always before his mind’s eye an ideal instrument of absolute 
perfection^ to Avhich the actual nieridian circle only makes an 
approximation. 

(Contrasted with the ideal instrument, the linest meridian 
circle is little more than a mass of imperfections. The ideal 
tube is perfectly rigid, the actual tube is flexible; the ideal 
divisions of the circle are perfectly uniform, the actual divi- 
sions are not uniform. The ideal instrument is a geometrical 
embodiment of perfect circles, perfect straight lines, and 
perfect right angles; the actual instrument can only show 
approximate circles, approximate straight lines, and approxi- 
mate right angles. Perhaps the spider’s part ol‘ the work is 
on the whole the best ; the stretched web gives us the 
nearest mechanical approach to a perfectly straight line; 
but we mar the spider’s work by not being able to insert 
those beautiful threads with perfect uniformity, while our 
attempts to adjust two of them across the held of view at 
right angles do not succeed in producing an angle of exactly 
ninety degrees. 

Nor are the difliculties encountered by the nua-idian ob- 
server due solely to his instrument. He has to contend 
against his own imperfections ; he has often to allow for per- 
sonal peculiarities of an unexpected nature ; the troubles 
that the atmosphere can give are notorious ; while the level- 
ling of his instrument warns him that he cannot even rely 
on the solid earth itself. We learn that the ejirthquakes, by 
which the solid ground is sometimes disturbed, are merely 
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the more conspicuous instances of incessant small movements 
in the earth which every ni^ht in the year derange the 
delicate adjustment of the instrument. 

When the existence of these errors has been recognised, 
the first great step has been taken. By an alliance between 
the astronomer and the mathematician it is possible to measure 
the discrepancies between the actual meridian circle and the 
instrument that is ideally perfect. Once this has been done, 
we can estimate the effect which the irregularities produce 
on the observations, and final 13^ we succeed in purging the 
observations from the grosser errors b}^ which they are con- 
tai]unatcd. We thus obtain results which are not indeed, 
mathematically accurate, but are nevertheless close approxima- 
tions to tliose which would be obtained by a perfect observer 
using an ideal instrument of geometrical accuracy, standing 
on an earth of absolute rigidit}^, and viewing the heavens 
without the intervention of the atmosphere. 

In addition to instruments like those already indicated, 
astronomers have other means of following the motions of the 
heavenly bodies. Within the last twenty years jdiotography 
has commenced to play an important part in practical 
astronomy. This beautiful art can be utilised for represent- 
ing many objects in the heavens by more faithful pictures 
than the pencil of oven the most skilful draughtsman can 
produce. Photography is also applicable for making charts 
of any region in the sky which it is desired to examine. AVhen 
repeated pictures of the same region are made from time to 
time, their comparison gives the means of ascertaining whether 
any star has moved during the interval. The amount and 
direction of this motion may be ascertained b}^! delicate measur- 
ing apparatus under which the photographic plate is placed. 

If a refracting telescope is to be used for taking celestial 
photographs, the lenses of the object-glass must be specially 
designed for this purpose. The ra3\s of light Avhich imprint 
an image on the prepared plate are not exactly the same as 
those which are chiefly concerned in the production of the 
image on the retina of the human 03^0. A rcflocting mirror, 
however, brings all the rays, both those which are chemically 
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active atid those which arc solely visual, to one and the 
same focus. The same reflect in<>- instruiuent may thenTore 
be used either tor lookini^ at the heavens or ibr takinei* pic- 
tures on a pilot on-raphic plate which lias been substituted for 
the ol)sei‘ veer's vyv. 

A sim])l(‘ ])ortrait camera has been advantapfeoiisly cm- 
2>loyed lor obtaiuini^’ striking photographs of larger areas of 
the sky than (am bo grasped in a long telescope; but for 
purposes of ji(aMirat(‘ measurement those taken with tlic 
latt(‘r are incomparably better. 

It is nei'dlcss to say that the ])hotogra])hic ap])aratus, 
whatever it may bi‘, must be driven by (lelicailely-adjusttMl 
clockwork to count (‘fact the apparent daily motion of the stars 
caused by the rotation of tln^ (‘arth. TIu' ])icture would 
otherwis(‘ 1 h‘ sjioilcMl, just as a jiortrait is ruined if the 
sitter does not remain quiet during the exposure. 

Among the observatories in the United Kingdom the 
Koval Observatory at Oreenwich is of course the most famous. 
It, is spe(aally remarkable among all the similar institutions 
in the woi'ld for the continuity of its labours for several 
generations. Oiv'cnwich (Observatory was founded in Kwo 
for the ]iromotion of astronomy and navigation, and the 
observations hav(‘ from the lirst been specially arranged with 
the object of d(‘tormining with the gi’oaU\st accuracy the 
positions of the jiriiicipal fixed stars, the sun, the nuxui, and 
the planets. In ]*(H'ent, years, however, great develojiments 
of the work of tin' ( Observatory have been witnessed, and the 
most, modern branches of the science arc now assiduously 
pursued ther(‘. 

"fhe larg(‘st cMpiatorial at Oreenwich is a refractor of 
twenty-eight iiudies aperture and twenty-eight feet long, con- 
structed by Sir Howard Grubb. A remarkable composite 
instrument from the same celebrated workshop has also been 
recently added to our national institution. It consists of a 
gi?eat refractor specially constructed for photography, of 
twenty-six inches aqierturc (]iresontcd by Sir Henry Thomp- 
son) and a reflector of thirty inches diameter, which is the 
product of Hr. (Common’s skill. The huge volume ])ublished 
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annually boars witness to tlio assiduity with wliioli tli(' Astro- 
nonua* Ivoyal and his numerous stati’ of assistant astronomers 
make use of the s[)lendid means at their disposal. 

The southern part of the heavens, most of wliieh cannot 
bo s(^on from (Iroat Britain, is watched from various observatories 
in the southern hemisphere. Foremost amoni( them is the 
Royal ()l>servatory at the Cape of (lood Hope, which is fur- 
nished with ilrst-elass instruments. We may mention a oreat 
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Fig. 0. — The (treat Bear. 


photoi^raphic telosco]')c, the o-ift of ilr. MXdean. Astronomy 
has been <treatly enritdtod by the many researches madi^ by 
Sir David Dill, the director of the Ca])e Observatory. 

Tt. is not, however, necessary to use sin^li nTcat instruments 
to obtain some idea of the aid the telescope will aiford. 
The niost^ suitable instrument, for commencing:' astronomical 
studii's is within ordinary reacli. It is the wcll-kiKovn 
binocular that a captain uses on board shi]) ; or if that 
cannot be had, then the (a)mmou opei*a-olass will auswei’ 
nearly as well. This is, no doubt, not so powerful as a tele- 
sco])e, but it has some coun)onsatini]:' advantaufes. The o])era- 
glass will enable us to survey a lare^o region of the skv at 
one glance, while a teles(;o))c, generally speaking, presents 
a much smaller field of view. 

Let us suppose that, the observ'er is provided with an 
opera-glass and is about to commence his astronomical studies. 
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The first step is to bccooio acquainted Avith the conspicuous 
g^roup of seven stars represented in Fig. 9. This group is often 
called the Plough, or Charles’s Wain, but astronomers prefer 
to regard it as a portion of the constellation of the (Jreat 
Bear (Ursa Major). There are many features of interest in 
this const, cllation, and tlie beginner slnndd learn as soon 
as possible to identify the seven stars which compose it. 
Of these the two marked a and at the bead of the Bear, 
are generally called the “pointers.” The}^ arc of special use, 
because they serve to guide the eye to that most important 
star in the whole sky, known as the “ pole star.” 

Fi.\ the attention on that region in the Croat Bear, whicli 
forms a sort of rectangle, of which the stars a ^ y B are the 
coi'ners. The next line night try to count bow many stars 
are visible Avithin that rectangle. On a very tine night, 
Avitliout a moon, pciha])s a dozen might be ])crceived, or (‘\Tn 
more, according to the keenness of the eyesight, lint when 
the 0 })cra-glass is directed to the same j'lart of the constella- 
tion an astonishing sight is Avitnessed. A hundred stars can 
noAV be seen Avith the greatest case. 

But the opera-glass will not sboAV neai’ly all the stars in 
this region. Any good telescope will reveal many hundreds 
too faint for the feebler inslrmnent. The greatei* t he telesctope 
the more numerous the stars; so that seen through one of 
the colossal instruments the number Avould have to be 
reckoned in thousands. 

We have chosen the Great Bear because it is more gene- 
rally known than any other constellation, lint thetireat Bear 
is not exceptionally rich in stars. To tell the number of 

the stars is a task Avhich no man has a(‘complisbed ; but 

various estimates haA^c been made. Our great telescopes can 
probably show at least 50,000,000 stars. 

The student Avho uses a good refracting t,eles(*()])c, having 
an object-glass not less than three inches in diam(‘ter, Avill 
hud occupation for many a tine evening. It- Avill greatly 

increase the interest of his Avork if he uses the charming 

handbook of the heavens known as Webb’s “ GelestJal Objects 
for Common Telescopes.” 
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T[[E SIT\. 

The vast Si/(' of the Sun — Hotter than ]\leltini.i: Plalinum— Is the Sun the Source 
of Ih'at for tilt J'i ii tli r— 'Die Sun is t)2,t)()t),0()() miles distant — How to i(:ali''e 
tlie niannitipif t.f thi> di'^ttiiee — Day and Xi,i;ht — Luminous and Non-Liniii- 
nous I)(tdie>— ( 'oiiti ;i>t lu twiaui the Sun and th(‘ Star.s— Thi^ Sun a Star — 
(iraiiulak'tl Ai»inMianec of tho Sun — 'I’lie Spots on the Sun Chanf^es in‘tlu‘. 
Form of a Spt >l — 'Tiif Famhe — Tho Rotation of th(‘ Sun on its Axis— View i)f 
a Typical Siui-Sjjot Periodicity of llu‘ Sun-Spots— (/omu'ction hctwccn the 
Sun-Spots anti 'i’en ei>trial Maifuetism — Principlt's of SjK'ctrum Analy.''is — Suh- 
stanecs [irc-ciif m tlic Sun Spectrum of a Spot Thi; Prominiaiccs siiiTOundiny: 
tlie Sun 'I’t.ital I’'icli[i>e of the Sun Si/i' ami Movement of the Proniincnei.’S — 
Tlieir c<.nui(clioH with the S})ots- - Spectroscopic Measurcmt'ut of Motii>n the 
Sun- Tile C'oiona Mirroiindiiu;- the Sun — Ponstitutiou of Hm* Siiu. 


T\ conuiK'iiciliLf otii* oxtiinination of tho orhs wlii(*h surround 
us, \vi\ tiaturiilly hcifin with our ])eorloss sun. His sjdoudid 
brilliiUK'c Lfivos him llio })re-c‘iniiR*n(*c oV(*r till other celestial 
bod It'S. 

Tlic diuieusioiis oF our lumiiuiry tiro eoinuu'usurtite with his 
importtiuoo. Astroiioiiicrs havo suet'oodod in tho didicidt taslv 
oF ascertaiiiiiij^’ tho exact li^uros, hut (lu\y ai'o so oiM'i^idic that, 
the results tire litird to retdise. Tho diameter oF the orh oF 
dtiy, or tlu' loiioth oF tlie axis, pnssiug' throue'h tlu'^ (centre iVom 
one side to tlie oilier, is S(i(),0()() miles. Vet this htire siaU'- 
mciit of the dimousions oF the <;Tctit <j;dohc Fails to eonvt'y an 
adequate idoti ot' its vast ness. IF a railway were laid round 
the sun, and iF we were to start in an express train movine 
sixty miles an liour, we slioiild have to travel For live years 
without intei*mission nie’ht or day helbre wo had aeeomplislu'd 
the journey. 

When the sim is eonquired with the carlli the hulk ot 
oiir luininary becomes still more striking'. Suppose his Ltlobo 
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Avcrc cut up into one million parts, eat^h oi* these parts would 
appreciably exceed tlic bulk of our earth. Kig. 10 exhibits a 
large circle and a very small one, marked S and K res|)ec- 
tively. These circles show the comparative sizes of the two 
bodies. The mass of the sun does not, however, exceed that 
of the earth in the same proportion. Were the sun placed in 
one pan of a mighty weighing balance, and were 300,000 



Fig. 10. — Cuiiipanitive fSizes uf the Earth ami llio Sun. 


bodies as heavy as our earth placed in the other, the luminary 
would turn the sea lie. 

The sun has a temperature far sur[)assing aiiv tliat we 
artificially produce, either in our cliemical laboratories or our 
metallurgical establishments. We can send a galvanic- current 
through a piece of platinum wire. The wire first becomes 
red hot, then white hot; then it glows with a brilliance almost 
dazzling until it fuses and breaks. The tcm])crature of the 
melting platinum wire could hardly be surpassed in the most 
elaborate furnaces, but it does not attain the tom])eraturo of 
the sun. 

It must, however, be admitted that there is an apparent 
discrepancy between a fact of common experience and the 
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stateineiil that the siui possesses the extremely hii^h teinp(M*a- 
tiire that we have just tried to illustrate. “ It' the sun were 
hot,” it has been said, “then the nearer wc approach to hiiu 
the hotter wc should tccl ; yet this docs not seem to ho the 
ease. On the top of a high mountain we are nearer to the 
sun, and yet everybody knows that it is much colder up there 
than in the valley beneatli. If the mountain be as high as 
Mont lUanc, then we are certainly two or thre^^ miles nearer 
the glowing globe than wo were at the sea-level ; yet, insti ad 
of additional warmth, we tind eternal snow.’’ A sim])le illus- 
tration may help to lessen this dilHculty. In n greenhouse 
on a sunshiny day the temperature is much hotter than it is 
outside. The glass will permit the liot sunbeams to enter, but 
it refuses to allow them out again with e(iual frcrdoni, and 
coiisocpieiitly the temperature rises. The earth may, from this 
point of view, be likened to a greenhouse, only, instc‘ad of the 
panes of glass, our gloixi is enveloped b}^ an enormous I'oating 
of air. On the earths surlace, we stand, as it were, inside 
the greenhouse, and we benetit by the interposition of the 
atmosphere; but when we climb very liigh mountains, we 
gradually pass through some of tlic protecting medium, and 
then we sutler from the cold. If the earth were deprived 
of its (U)at of air, it seems certain that et('rnal frost would 
reign over whole continents as well as on the tops of the 
motmtains. 8 S C* 

The actual distance of the sun from the earth is about 
92,1)00,000 miles; but by merely reciting the tigures we do 
not receive a vivid impression of the real magnitude. It 
would bo necessary to count as quickly as possible for three 
days and three nights Itefore one million was com])lered ; yet 
this would have to be repeated nearly ninety-three times 
betore we had counted all the niiies between the earth and 
the sun. 

Every clear iiight we see a vast host of stars si*attered over 
the sky. Some are bright, some are faint, some are grou[)ed 
into remarkable forms. With regard to this multitude of 
brilliant points we have now to ask an important question. 
Arc they bodies which shine by their own light like the sun, 
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or do they only sliino with borrowed like the moon ? The 
answer is easily stated. Most of these bodies shine by their 
own light, and they are properly called stars. 

Suppose that the sun and the multitude of stars, properly 
so called, arc each and all self-luminous brilliant bodies, what 
is the great distinction between the sun and the stars ? 
There is, of course, a vast and obvious diftercnce between the 
unrivalled splendour of the sun and the feeble twinkle of the 
stars. Yet this distinction docs not necessarily indicate that 
our luminary has an intrinsic s))lendour su]icri()r to that of 
the stars. The I'act is that Ave arc nestled up comparatively 
close to the sun for the benelit of his warmth and light, 
Avhile wo are separated from even the nearest of the stars by 
a mighty abyss. It' the sun were gradually to retreat from 
the earth, his light Avould decrease, so that Avhen he had 
penetrated the depths of si)aco to a distance compju*able with 
that by which we are sej)arated from the stars, his glory 
would have utterly dejiarted. Xo longer would the sun seem 
to be the majestic orb with which Ave are familiar. Xo longer 
AA^ould he bo a source of genial heat, or a luminary to dispel 
the darkness of night. Our great sun Avould have shrunk to 
the insignificance of a star, not so bright as many of those 
Avdiicli Avc see every night. 

Momentous indeed is the conclusion to which we are uoav 
led. That myriad host of stars Avhich studs our sky CA^ery 
night has been elcA'ated into vast importance. Kach one of 
those stars is itself a mighty sun, actually rivalling, and in 
many cases surpassing, the splendour of our OAvn luminary. 
AVe thus open up a majestic conception of the vast dimensions 
of space, and of the dignity and sjilendour of the myriad 
globes by Avhich that sjiacc is tenanted. 

There is another aspect of the jiicturc not Avithout its 
utility. AA^e must from henceforth remember that our sun 
is only a star, and not a particularly important star. If the 
siin and the earth, and all Avhich it contains, Avere to vanish, 
the effect in the uniAx>rsc Avould merely bo that a liny star 
had ceased its tAvinkling. VioAA'cd simply as a star, the sun 
must retire to a position of insignificance in the mighty fabric 
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of the universe. But it is not as a star that we have to deal with 
the sun. To us his comparative proximity gives him an im- 
portance incalculably transcending that of all the other stars. 



Fig. 11.— Photograph of the Sun’.s Ui.sc, taken August Stli, at tlic lioyal 
Ohscrvatory, Greenwich. {B>/ nnission of the Adronointr lioml.) 


To the unaided eye the sun appears to he a Hat circle. 
If, however, it be examined with the telescope, taking care of 
course to intcrjiose a piece of dark-coloured glass, or to 
employ some similar precaution to .screen the eye from injury, 
it Avill then be perceived that the sun is not a Hat surface, 
♦but a veritable glowing globe. 

D 
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The first question which we must attempt to answer 
enquires whether the glowin" matter which forms the globe 
is a solid mass, or, if not solid, Avdiich, is it, liquid or gaseous ? 
At the first glance wo might think that the sun cannot be 
fluid, and we might naturally imagine that it Avas a solid ball 
of some Avhite-hot substance. But this view is not correct ; 
for Ave can shoAv that the sun is certainly not a solid body in 
so far at least as its superficial parts are concerned. 

A general aicav of the sun as shown by a telescope 
of moderate dimensions may be seen in Fig. 11. It is at 
once seen that the surface of the luminary is by no 
means of uniform texture or brightness. It may rather 
be described as granulated or mottled. This aj^pearance is 
due to the luminous clouds Avhich float suspended in a 
someAvhat less luminous layer of gas. It is needless to say 
that these solar clouds are very different from the clouds 
Avhich Ave know so Avell in our oAAm atmosphere. Terrestrial 
clouds arc, of course, formed from minute drops of Avater, 
Avhilo the clouds at the surface of the sun arc composed of 
drops of one or more chemical elements at an exceedingly 
high temperature. 

The granulated appearance of the solar surface is beautifully 
shoAm in the remarkable ])hotographs on a large scalp Avhich 
M. Janssen, of jMcudon, has succeeded in obtaining during the 
last tAventy years. e are enabled to reproduce one of them 
in Fig. 12. It Avill be observed that the interstices betAvecn the 
luminous dots are of a greyish tint, the general effect (as re- 
marked by Professor Young) being much like that of rough 
drawing paper seen from a little distance. We often notice 
places over the surface of such a plate where the definition 
seems to be unsatisfactory. These are not, hoAvever, the 
blemishes that might at first be supposed. They arise neither 
from casual imperfections of the photographic plate nor from 
accidents during the development ; they plainly OAve their origin 
to some veritable cause in the sun itself, nor shall Ave find it 
hard to explain \vhat that cause must be. As we shall have 
occasion to mention further on, the A’^elocities Avith Avhich the 
glowing gases on the sun are animated must be exceedingly 




Fig. 12.— Photograph of the Solar Suif.ice. {By JiVibso).] 
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great. Even in the hundredth part of a second (which is 
about the duration of the exposure of this plate) the move- 
ments of the solar clouds arc sufficiently great to produce 
the observed indistinctness. 

Irregularly dispersed over the solar surface small dark 
objects called sun-spots are generally visible. These spots 
vary greatly both as to size and as to number. Sun-spots 
were first noticed in the beginning ol‘ the seventeenth century, 
shortly after the invention of the telescope. Their general 
appearance is shown in Fig. 13, in which the dark central 
nucleus appears in sharp contrast with the lighter margin or 
penumbra. Fig. 16 shows a small spot developing 
out of one of the pores or interstices between the 
granules. 

The earliest observers of these spots had re- 
marked that they seem to have a common motion 
across the sun. In Fig. 14 avc give a copy of a 
remarkable drawing by Father Scheiner, showing 
the motion of two spots observed by him in March, 
1627. Tlic figure indicates the successive positions assumed 
by the spots on the scAxral days from the 2nd to the 
Kith March. Those marks which arc merely given in outline 
represent the assumed positions on the llth and the 18th, on 
Avhich days it happened that the Aveather Avas cloudy, so that 
no observations could be made. It is invariably found that 
these objects moA^e in the same directio]i — namely, from the 
eastern to the Avestern limb* of the sun. They complete the 
journey across the face of the sun in twelve or thirteen days, 
after Avhich they remain invisible for about the same length 
of time until they reappear at the eastern limb. These early 
observers were quick to discern the true import of their 
discoA'cry. They deduced from these simple observations the 
remarkable fact that the sun, like the earth, performs a 
rotation on its axis, and in the same direction. But there is 
the inrportant difference betAveen these rotations that Avhereas 
the earth takes only twenty-four hours to turn once round, 

* Limb is the word used by a.stronomer3 to denote the edge or circumferenco 
of the apparent disc of a heavenly body. 
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SPOTS AND FACUL^E ON THE SUN. 
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the solar globe takes about twenty- six days to complete one 
of its much more deliberate rotations. 

If we examine sun-spots under favourable atmospheric con- 
ditions and with a telescope of fairly largo aperture, we perceive a 
great amount of interesting detail which is full of intormatioii 
with regard to the structure of the sun. The penumbra of a 
spot is often found to be made up of filaments directed towards 
the middle of the spot, and generally brighter at their inner 
ends, where they adjoin the nucleus. In a regularly formed 
spot the outline of the penumbra is of the same general form 
as that of the nucleus, but astronomers are frequently deeply 
interested by witnessing vast spots of very irregular figure. 
In such cases the bright surface-covering of the sun (the 
photosphere, as it is called) often encroaches on the nucleus 
and forms a peninsula strctchiug out into, or even bridging 
across, the gloomy interior. This is well shown in Professor 
Jjanglcy’s fine drawing (Plate II.) of a very irregular spot 
Avhich he observed on December 23-24, 1873. 

The details of a spot vary continually; changes may often 
be noticed even from day to day, sometimes from hour to 
hour. A similar remark may be made with res[)cct to the 
bright streaks or patches wliich are frequently to bo observed 
especially in the neighbourhood of spots. These briglit marks 
are known by the name of facuhv (little torches). They arc 
most distinctly seen near the margin of the sun, where the 
light from its surface is not so bright as it is nearer to the 
centre of the disc. The reduction of light at the margin is 
due to the greater thickness of absorbing atmosphere round 
the sun, through which the light emitted from the regions 
near the margin has to pass in starting on its way towards us. 

None of the markings on the solar disc constitute per- 
manent features on the sun. Some of these obj’ects may no 
doubt last for weeks. It has, indeed, occasionally happened 
that the same spot has marked the solar globe for many 
months; but after an existence of greater or less duration 
those on one part of the sun may disappear, while as fre- 
quently fresh marks of the same kind become visible in 
other places. The inference from these various facts is 



38 


TEE STORY OF TEE EEAVENS. 


irresistible. They tell us that the visible surface ot the sun 
is not a solid mass, is not oven a liquid mass, but that the 
globe, so far as we can see it, consists of matter in the 
gaseous, or vaporous, condition. 

It often happens that a largo spot divides into two or 



more separate portions, and these have been sometimes 
seen to fly apart with a velocity in some cases not less than 
a thousand miles an hour. “At times, though very rarely” 
(I quote here Professor Young,* to whom I am frequently 
indebted), “ a different phenomenon of the most surprising 
and startling character appears in connection with these 
objects; patches of intense brightness suddenly break out, 
remaining visible for a few minutes, moving, while they 

♦ “The Sun,” p. 119. 
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last, with velocities as great as one hundred miles a 
second. 

One of these events . has become classical. It occurred 
on the forenoon (Greenwich time) of September 1st, 1<S59, 
and was independently witnessed by two well-known and 
reliable observers — ilr. Carrington and Mr. Hodgson — whose 
accounts of the matter may be found in the Monthly Notices 
ot* the Royal Astronomical Society for November, 1859. Mr. 
Carrington at the time was making his usual daily observa- 
tions upon the position, configura- 
tion, and size of the spots by 
means of an image of the solar 
disc upon a screen — being then 
engaged upon that eight years’ 
series of observations which lie at 
the foundation of so much of our 
present solar science. Mr. Hodg- 
son, at a distance of many miles, 
was at the same time sketching 
details of sun-spot structure by 
means of a solar eye-piece and 
sliade-glass. They simultaneously saw two luminous objects, 
shaped something like two new moons, each about eight 
thousand miles in length and two thousand wide, at a dis- 
tance of some twelve thousand miles from each other. These 
burst suddenly into sight at the edge of a great sun-spot 
with a dazzling brightness at least five or six times that of 
the neighbouring portions of the photosphere, and moved 
eastward over the spot in parallel lines, growing smaller and 
fainter, until in about five minutes they disappeared, after 
traversing a course of nearly thirty-six thousand miles.” 

The sun-spots do not occur at all parts of the sun’s surface 
indifi’ercntly. They arc mainly found in two zones (Fig. 15) 
on each side of the solar equator between the latitudes of 
10° and 30° On the equator the spots are rare except, 
curiously enough, near the time when there are few spots 
elsewhere. In high latitudes they arc never seen. Closely 
connected with these peculiar principles of their distribution 
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IMg. 15. — Zones on the Sun's 
Surface hi which Spots appear. 
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is the remarkable fact that spots in different latitudes do not 
indicate the same values for the period of rotation of the 
sun. By watching a spot near the sun’s equator Carrington 
found that it completed a revolution in twenty-five days and 
two hours. At a latitude of 20^ the period is about twenty- 
five days and eighteen hours, at 30° it is no less than twenty- 
six days and twelve hours, while the comparatively few spots 
observed in the latitude of 45° require twenty-seven and a 
half days to complete their circuit. 

As the sun, so far at least as its outer regions are con- 
cerned, is a mass of gas and not a solid body, there would 
be nothing incredible in the supposition that si)ots are occa- 
sionally endowed with movements of their own like shi[)s on 
the ocean. It seems, however, from the facts before us that 
the different zones on the sun, corresponding to what we call 
the torrid and temperate zones on the (‘arth, persist, in 
rotating with velocities which gradually decrease from the 
equator towards the poles. It seems probable that the 
interior parts of the sun do not rotate as if the whole were 
a rigidly connected mass. The mass of the sun, or at all 
events its greater part, is quite unlike a rigid body, and the 
several portions are thus to some extent free for independent 
motion. Though we cannot actually see how the interior 
parts of the sun rotate, yet the laws of dynamics enable us 
to infer that the interior layers of the sun must rotate more 
rapidly than the outer layers, and thus some of the features 
of the si^ot movements can be accounted for. But at present 
it must be confessed that there arc great difficulties in the 
way of accounting for the distribution of spots and the law 
of rotation of the sun. 

In the year 1(S26 Schwabe, a German astronomer, com- 
menced to keep a regular register of the nuitiber of spots 
visible on the sun. After watching them for seventeen years 
he was able to announce that the number of spots seemed to 
fluctuate from, year to year, and that there was a period of 
about ten years in their changes. Subsequent observations 
have confirmed this discovery, and old books and manuscripts 
have been thoroughly searched for information of early date. 
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Thus a more or less complete record of the state of the sun as 
regards spots since the beginning of the seventeenth century 
has been put together. This has enabled astronomers to 
fix the period of the recurring maximum with greater 
accuracy. 

The course of one of the sun-spot cycles may be described 
as follows : For two or three years the spots are both larger 
and more numerous than on the average* then they begin to 
diminish, until in about six or seven years from the maximum 
they decline to a minimum; the number of the spots then 
begins to increase, and in about four and a half years the 
maximum is once more attained. The length of the cycle is, 
on an average, about eleven years and five w^eeks, but both its 
length and the intensity of the maxima vary somewhat. For 
instance, a great maximum occurred in the summer of LSTO, 
after which a very low minimum occurred in 1870, followed 
by a feeble maximum at the end of 18(S3; next came an 
average minimum about August, 1889, followed by the last 
observed maximum in January, 1894. It is not unlikely 
that a second period of about sixty or eighty years atlccts 
the regularity of the eleven-year period. Systematic observa- 
tions carried on through a groat many years to come will be 
required to settle this question, as the observations of sun- 
spots previous to 182G are far too incomplete to decide the 
issues which arise. 

A curious connection seems to exist between the periodicity 
of the spots and their distribution over the surface of the 
sun. When a minimum is about to pass away the spots 
generally begin to show themselves in latitudes about 80' 
north and south of the sun’s equator; they then gradually 
break out somewhat nearer to the equator, so that at the 
time of maximum frequency most of them appear at latitudes 
not greater than IG''. This distance from the sun’s equator 
goes on decreasing till the time of minimum. Indeed, 
the spots linger on very close to the equator for a couple of 
years more, until the outbreak signalising the coinmenceincnt 
of another period has commenced in higher latitudes. 

We have still to note an 'extraordinary feature which 
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points to an intimate connection between the phenomena of 
sun-spots and the purely terrestrial phenomena of magnetism. 
It is of course well known that the needle of a compass does 
not point exactly to the north, but diverges from the meridian 
by an angle which is different in different places and is not even 
constant at the same place. For instance, at (Ireenwich the 
needle at present points in a direction 17 ’ West of North, 
but this amount is subject to very slow and gradual changes, 
as well as to very small daily oscillations. It was discovered 
in the last century by Jjamont (a Bavarian astronomer, but a 
native of S(;otland) that the extent of this daily oscillation 
increases and decreases regularly in a })eriod which he gave 
as 10^ years, but Avhich was subse(|ucntly found to be 
llyV years, exactly the same as the period of tlie spots on 
the sun. From a diligent study of the records -of magnetic 
observations it has been found that the time of sun-spot 
maximum always coincides almost exactly with that of 
maximum daily oscillation of the compass needle, while the 
minima agree similarly. This close relationship between the 
periodicity of sun-spots and the daily movements of the mag- 
netic needle is not the sole proof we possess that there is a 
connection of some sort between solar phenomena and ter- 
restrial magnetism. A time of maximum sun-spots is a time 
of great magnetic activity, and there have even been special 
cases in which a peculiar outbreak on the sun lias been 
associated with remarkable magnetic phenomena on the earth. 
A very interesting instance of this kind is recorded by Pro- 
fessor Young, who, Avhen observing at Sherman on the 
3rd August, 1872, perceived a very violent disturbance of 
the sun’s surface. He was told the same day by a member 
of his party, who was engaged in magnetic observations and 
who was quite in ignorance of what Professor Young had seen, 
that he had been obliged to desist from his magnetic Avork in 
consequence of the violent motion of his magnet. It Avas 
aftcrAvards found from the photographic records at GreenAvich 
and Stonyhurst that the magnetic “ storm ” observed in 
America had simultaneously been felt in England. A similar 
connection betAveen sun-spots and the aurora borealis has 
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also been noticed, this fact being a natural consequence of 
the well-known connection between the aurora and niagnctic 
disturbances. On the other hand, it must be confessed that 
many striking magnetic storms have occurred without any 
corresponding solar disturbance,* but even those who are 
inclined to be sceptical as to the connection between these 
two classes of phenomena in particular cases can hardly 
doubt the remarkable parallelism between the general rise 



Fig. 16. — The Texture of the Sun aud a smell Spot. 


and fall in the number of sun-spots and the extent of the 
daily movements of the compass needle. 

We have now described the principal solar phenomena with 
which the telescope has made us acquainted. But there are 
many questions connected with the nature of the sun which 
not even the most powerful telescope would enable us to 
solve, but which the sjiectroscope has given us the means of 
investigating. 

What wo receive from the sun is warmth and light. The 
intensely heated mass of the sun radiates forth its beams in 

* It has heen frequently stated that the oulhurst in 1859, witnessed hy 
Carrington and Hodgson, w^as immediately followed by an unusually intense 
magnetic storm, but the records at Kew and Greenwich show that the magnetic 
disturbances on that day were of a very trivial character. 
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all directions with boundless prodigality. Each beam we feel 
to be warm, and we sec to be brilliantly white, but a more 
subtle analysis than mere feeling or mere vision is required. 
Each sunbeam bears marks of its origin. These marks are 
not visible until a special process has been applied, but then 
the sunbeam can bo made to tell its story, and it will dis- 
close to us much of the nature of the constitution of the 
great luminary. 

We regard the sun’s light as colourless, just as we speak 
of water as tasteless, but both of these expressions relate 
rather to our own feelings than to anything really charac- 
teristic of Avater or of sunlight. We regard the sunlight as 
colourless because it forms, as it were, the background on 
which all other colours arc depicted. The fact is, that Avhite 
is so lixr from being colourless that it contains every known 
hue blended together in certain proportions. The sun’s light 
is really extremely composite ; Nature herself tells us tliis 
if ^VQ Avill but give her the slightest attention. Whence 
come the beautiful hues Avith AAdiich avo are all familiar ^ 
Look at the lovely tints of a garden ; the red of the rose is 
not in the rose itself. All the rose does is to grasp the sun- 
beams Avhich fall upon it, extract from these beams the red 
Avhich they contain, and radiate that red light to our eyes. 
Were there not red rays conA^eyed Avith the other rays in the 
sunbeam, there could be no red rose to be seen by sunlight. 

The principle here invoUx'd has many other applications ; 
a lady Avill often say that a dress Avhich looks veiy Avell in 
the daylight does not ansAver in the evening. The reason is 
that the dress is intended to sIioav certain colours Avhich 
exist in tlie simliglit; but these colours are not contained to 
the same degree in gaslight, and consequently the dress has 
a different line. The fault is not in the dress, the fault lies 
in the gas ; and Avhen tlie electric light is used it sends forth 
beams more nearly resembling those from the sun, and the 
colours of the dress appear Avith all their intended beauty. 

The most glorious natural indication of the nature of the 
sunlight is seen in the rainboAv. Here the sunbeams are 
refracted and reflected from tiny globes of Avater in the clouds ; 
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these convey to iis the sunlight, and in doing so decompose 
the white beams into the seven primary hues — red, orange, 
yellow, green, blue, indigo, and violet. 

The bow set in the cloud is typical of that great depart- 
ment of modern science of which we shall now set forth the 
principles. The globes of water decompose the solar beams; 
and we follow the course suggested by the rainbow, and 
analyse the sunlight into its constituents. \Vc are enabled 
to do this with scientific accuracy when we employ that 
remarkable key to Nature’s secrets known as the spectroscope. 
The beams of white sunlight consist of innumerable beams 
of every hue in intimate association. Every shade of red, of 
yellow, of blue, and of green, can be found in a sunbeam. 
The magician’s wand, with 
which we strike the sunbeam 
and sort the tangled skein 
into perfect order, is the simple 
instrument known as the glass 
prism. We have represented 
this instrument in its simplest 
form in the adjoining figure 
(Fig. 17). It is a piece of pure and homogeneous glass in 
the shape of a wedge. When a ray of light from the sun 
or from any source falls U])on the prism, it ])asses through 
the transparent glass and emerges on the otlier side; a re- 
markable change is, however, impres.sed on the ray by the 
influence of the glass. It is bent by refraction from the 
[)ath it originally pursued, and is compelled to follow a 
different path. If, liowevcr, the prism bent all rays of light 
eipiall}^ then it would be of no service in the analysis of 
light; but it fortunately happens that the prism acts with 
varying efficiency on the rays of different hues. A red ray 
is not refracted so much as a yellow ray ; a yellow ray is 
not refracted so much as a blue one. It consequently hap- 
pens that when the composite beam of sunlight, in which all 
the different rays are blended, passes through the prism, 
they emerge in the manner shown in the annexed figure 
(Fig. IS). Here then we have the source of the analysing 
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power of the prism ; it bends tlie different hues unequally 
and consequently the beam of composite sunliglit, after pass- 
ing through the prism, no longer shows mere white light, 
but is expaiided into a coloured band of light, witli hues 
like the rainbow, passing from deep red at one end through 
every intermediate grade to the violet. 

We have in the prism the means of decomposing the light 
from the sun, or the light from an}- other source, into its 
component parts. The examination of the qualit}' of the 
light when analysed enables us to learn something of the 



constitution of the body from which this light has emanated. 
Indeed, in some simple cases the mere colour of a light will 
be sufficient to indicate the source from which it has come. 
There is, for instance, a splendid red light sometimes seen 
in displays of fireworks, due to the metal strontium. The 
eye can identify the element by the mere colour of the dame. 
There is also a characteristic yellow light produced by the 
dame of common salt burned with spirits of wine. Sodium is 
the important constituent of salt, so licre we recognise 
another substance merely by the colour it emits when burn- 
ing. A\"e may also mention a third substance, magnesium, 
which burns with a brilliant white light, eminently charac- 
teristic of the metal. 

The three metals, strontium, sodium, and magnesium, 
may thus be identified by the colours they produce when 
incandescent. In this simple observation lies the germ of 
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the modern method of research known as spectrum analysis. 
We may now examine with the prism the colours of the 
sun and the colours of the stars, and from this examination 
we can learn something of the materials which enter into 
their composition. We are not restricted to the use of 
Tiierely a single prism, but wo may arrange that the light 
which it is desired to analyse shall pass through several 
prisms in succession in order to increase the dispersion or 
rlie spreading out of the diiferent colours. To enter the 
spectroscope the light first passes through a narrow slit, and 
the rays arc then rendered parallel by passing through a 
lens : these parallel rays next pass through one or more 
prisms, and arc finally viewed through a small telescope, or 
they may be intercepted by a photographic plate on which 
a picture will then bo made. If the beam of light passing 
through the slit has radiated from an incandescent solid or 
licpiid body, or from a gas under high pressure, the coloured 
band or spectrum is found to contain all the colours indi- 
cated on Plate XITL, without any interruption between the 
colours. This is known as a continuous spectrum. Put if 
we examine light from a gas under low pressure, as can be 
(lone by placing a small quantity of the gas in a glass tube 
and making it glow by an electric current, we find that it 
does not emit rays of all (dolours, but only rays of certain 
distinct colours which arc different for difterent gases. The 
s])ectrum of a gas, therefore, consists of a number of detached 
luminous lines. 

When Ave study the sunlight through the prism, it is 
found that the spectrum does not extend quite continuously 
from one end to the other, but is crossed over by a multitude 
of dark lines, only a fcAv of whicli are shoAvn in the adjoin- 
ing plate. (Plato XlII.) These lines are a permanent feature 
in the solar spectrum. They are as characteristic of the 
sunlight as the prismatic colours themseh'os, and are full of 
interest and information Avitli ivgard to the sun. These lineb 
are the characters in Avhich the history and the nature of the 
sun are Avritten. VioAved through an instrument of adequate 
power, dark lines are to bo found crossing the solar spectrum 
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in hundreds and in thousands. They are of every variety of 
strength and laintness ; their distribution seems guided by 
no simple laAV. At some parrs of tlic spectrum there are 
but few lines ; in other regions they arc crowded so closely 
together that it is difficult to separate them. They are in 
some places exquisitely line and delicate, and they never 
fail to excite the admiration of every one who looks at this 
interesting spectacle in a good instrument. 

There can be no better method of expounding the rather 
difficult subject of spectrum analysis than by actually follow- 
ing the steps of the original discovery which first, gave a 
clear demonstration of the significance of the dark F raun- 
hofer ” lines. Let us concentrate our attoTition s])ecially 
upon that line of the solar s])cctrum marked 1). This, 

when seen in the spectroscope, is found to consist of two 
lines, very delicately separated by a minute interval, one of 

these lines being slightly thicker than the other. Suppose 

that while the attention is concentrated on these lines the 
flame of an ordinary s[)irit-lamp coloured by common salt 
be lield in front of the instrument, so that the ray of dire(;t 
solar light passes through the flame before entering the 
spectroscope. The observer sees at once the two lines known 
as D flash out with a greatly increased blackness and vivid- 
ness, while there is no other perceptible effect on the 
siDcctriun. A few trials show that this intensification (d‘ the 
L lines is due to the vapour of sodium arising from the salt 
burning in the lamp through which the sunlight has 

passed. 

It is quite impossible that this marvellous connection 
between sodium and the n lines of the spectrum can be 
merely casual. Even if there Avere only a single line con- 
cerned, it would be in the highest degree unlikely that 
the coincidence should arise by accident ; but Avlien Ave find 
the sodium affecting both of the tAvo close lines which form# 
D, our conviction that there must be some profound connec- 
tion betAveen these lines and sodium rises to absolute certainty. 
Suppose that the sunlight be cut off, and that all other light 
is excluded save that emanating from the gloAving vapour of 
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sodiiuri in the spirit Hanic. We shall then find, on looking 
through the spectroscope, that we no longer obtain all the 
colours of the rainbow; the light from the sodium is cou- 
centrated into two bright yellow lines, Idling precisely i1h‘ 
position which the dark d lines occupied in the solar spectrum, 
and the darkness of which the sodium Hame sceni(?d lo 
intensify. 

We must here endeavour to remove what may at first 
sight appear to be a paradox. JIow is it, that though the 
sodium dame produces two hritfld lines when view(al in tluj 
absence of other light, yet it actually appears to intensify the 
two dark lines in the sim’s spectrum i The explanation of 
this leads us at once to the (*ardinal doctihie of speclrum 
analysis. The so-called dark lines in the solar spectrum are 
only dark vontrad with the brilliant illumination of the 
rest of the spectrum. A good deal of solar light i‘('ally li(‘s 
in the d.irk linos, though not enough to be seen when the 
eye is dazzled by the brilliamy around. Wlu n the tlame of 
the spirit-lamp (charged with sodium intervenes, it sends out 
a certain amount of light, which is entirely lo(*alisod in these 
two lines. So far it would seem that the induence of the 
sodium dame ought to be manifested in diminishing the 
darkness of the lines and rendering them less conspicuous. 
As a matter of fact, they are far more c.onspicuous with tlu^ 
sodiimi dame than without it. This arises from the fact that 
the sodium flame j)ossesscs the remarkable property of 
cutting off the sunlight which w'as on its way to those ])ar- 
ticular lines; so that, though the sodium (*ontributes some 
light to the lines, yet it intercepts a far greater (juautity of 
tliG light that would otherwise have illuminated those linos, 
and hence they became darker with the sodium dame than 
without it. 

Wo are thus conducted to a remarkable principle, wliich 
has led to the interpretation of the dark lines in tlie spectrum 
of the sun. Wo dnd that when the sodium vapour is heated, 
it gives out light of a very particular type, which, vi( sved 
through tho prism, is concentrated in two lines. Dul the 
sodium vapour possesses also this property, that light linm 
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th (3 sun can pass thr()n<jfli it without any porccptiblo absorj)- 
tion, cxc(‘pt ()[■ thos(i particular rays wlii(th arc of tlio sani(3 
characters as the two linos in question. In other words, we 
say that it the luxated vapour of a substance? i^ive^s a spectrum 
oT bright lines, (Corresponding to lights of various kinds, this 
same va])our will act as an opaepie screen to lights of tliose 
sp(‘cial kinds, wliile? I’eanaining transparent to liglit of (?V(‘ry 
otlier description. 

This pihH'ij)le is of such importance in the? th(*ory of 
sp(M‘tium analysis that we add a further example. lact us 
take tli(‘ element iron, whicdi in a very striking d(.>gree illus- 
trates the law in (piestion. In the solar spectrum two 
thousand (.>f the dark linos are known to coi'rospond witli tlie 
spectrum oi' iron. This ('ornjspondeiuco is exhibited in a vivid 
nianiKn* Avlien, by a suitabh? (‘ontrivanc(c, the light of an electric 
s])ark from pol(‘s of iron is examiiUHl in the spectroscope side 
by sidi? with the solar spts'trum. Tin? iron liiu's in tin? sun 
arc id(‘nthal in persition with the lines in the sjx'c-truni of 
glowing iron vapour. Jhit t}n‘ s])e(‘trum of iron, as Inu’c de- 
scrib(‘(l, consists of bright, lines; whih? those with wiiich it is 
compared in the sun arc dark oii a bright background. They 
can be ('omplotely mnhs’stood if w(? suppose the va])our arising 
from int(sis(?ly h(‘ated iron to b(? pres(‘nt in the atmospliere 
which siiri'ounds tin? luminous strata on the sun. This vapour 
would absorb oi’ stop pn'cisoly tin? same i-ays as it emits Avh(?n 
incandescent, and hence wo l(.‘arn the important fact that iron, 
no k'ss than sodium, must, in oiu? form or another, be a con- 
stituent of the snn. 

Such is, in brief outline, the celebrated discovery of modern 
times which has given an interpretation to the dark lint's of 
the solar spectrum. Tlic spectra of a lai-ge number of ter- 
restrial substances hava' bix*n examined in (?omparison Avith the 
solar spectrum, and thus it has been established that many of 
the elements known on the earth arc present in the sun. Wc 
may mention hydrogen, oxygen, calciui!!, iron, sodium, carbon, 
magnesium, cobalt, aluminium, chromium, strontium, man- 
ganese, copper, zinc, cadmium, silver, tin, lead, potassium. 
Some of the elements which arc of tlie greatest importance 
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on tho earth would appear to be missing frf)m the sun. 
Sulphur, phosphorus, mercury, gold, nitrogen may he men- 
tioiied among llie elements which have hitherto given no 
indication ot' their being solar constituents. 

It is also j)ossihl(j tluit the lines of a substance in tho 
sun’s atmosplu're may bo so very bright that tlie light of tho 
continuous sp<;(^trum, on which tluy are su[)ei’posed, is not 
able to “rev(a‘se’' thi'm — ?.c. turn them into dark lines. AVo 
know, for iustanc(^ that the bright lines of sodium vapour 
may be made so intensely bright that the specti’um of an in- 
candescent lime-cylinder ])laced behind the sodium vapour 
does not reverse tb(‘S(; ]iu(‘s. If, them, wo make tlu^ sodium 
lines fainter, th(‘y may b(‘ reduced to exactly th(‘. intensity 
prevailing in that part of the sp(‘(*.trum of tlui lime-light, in 
which case thci lines, of eourse, (amid not be distinguished. 
Tlie (question as to what elements an^ really missing from tlie 
sun must therefore, lik(‘ many other (|uestions concerning our 
gnait luminary, at pr(‘s(‘nt be considered an opiai one. We 
shall shortly see that an ek'UH'ut p]*(‘viously unknown has 
actually been discovered by means of a liiu^ reprt^seuting it 
in tho solar spcalrum. 

Lot us now n'turn to the sun-spots and se(^ what the 
spectroscope can teach us as to th(‘ir natm*(‘. We attach a 
powerful spectroscope to tb(‘ ey(‘-('nd of a telescopi' in order 
to g('t as nuu'h light as ]M)ssibb* ('oiKumtrated on the slit ; the 
latter lias therefore to be pla(*ed exactly at the focus ot tlie 
objc'ct-glass. Tlu^ instrument is tlu'u poiutc'd to a spot, so 
that its image falls on the slit, and the presence of the dark 
central part called the umhm reveals itself by a darkish stripe 
which traverses the oi'diuary sun-spectrum from end to end. 
it is bordered o]i both sides by the specjtrum of the prim mb nr, 
wliidi is mu{*h brighter than that of the umbra, but fainter 
than that of the adjoining regions of the sun. 

From the fact that the spectrum is darkened w'e learn that 
there is considerable general absorption of light in tlu' umbra. 
I his absorption is not, however, such as would be caused l)y 
the presence of volumes of minute solid or liquid partudes 
like those which constitute smoke or cloud. This is indicated 
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by the fa(‘t, first discovered by Young in 1888, that the 
spectriini is not lujifornily darkened as it would be it* the 
absorption W('ro (caused by floating particles. In tlio coui'se 
of oxaniinatiou of many large and quiescent spots, ho pei*- 
ceived that the middle green part of the spectrum was crossed 
by counth'ss fin(‘, dark lines, generally tomdiing each otlna*, 
but here and there s(‘.parated by bright intervals. Kach line 
is thick(‘r in the middle (corresponding to the (xaitn; of tlu‘. 
spot) and taptu’s to a fine thr(‘ad at ('ac h (‘iid ; ind(‘ed, most 
of these liri(‘s can be traced across the spectrum of tlu; piai- 
umbra and out on to that of the solar surface. The absorption 
would therefore seem to be causial by gases at a much lower 
teinperaturo than that of the gases ])res(‘nt outsidi' the spot. 

In the red and yellow parts of tlui s))ot-sp(M'lrum, whi('h have 
been spi'cially studied for many years by Sir Norman Lockycr 
at the South Kensington Observatory, inteiavsting details ai’e 
found which coniirm this conclusion. Many of the dark lines 
are not thickiu- and darker in the spot than they are in the 
ordinary sun-spectrum, while others are viay much t,hi(*ki‘n(Ml 
in the spot -spectrum, such as the line's of iron, calcium, and 
sodium. The sodium lines are sometime ‘S both wielemcel and 
eloubly rev(*rsed — that is, em the thick dark lim^ a bright 
line) is superposed. The same peculiarity is ne)t se*ldom s(*(‘n 
in the notable eadcium lines H anel K at the violet end of the 
spc'Ctrum. The'se facts indicate the presence e)f great masses 
of the vapoui’s of sodium anel calcium ove^r the nucleus. Tie* 
e)bser\ati(ms at Se)uth Kensington have also brought to liglit 
ane^ther interesting peculiarity e)f the spot-spectra. At the 
time of minimum free|ueucy of spots the lines of iron and 
other terrestrial efi(Miie‘nts are) prominent among the most 
wiele'iieel lines ; at the maxima thexse almost vanish, and the 
wielening is found only amongst line's of unknown origin. 

The s])ectrosco])e has give'n us the means of studying other 
interesting features on the sun, which arc so faint that in the 
full blaze) of sunlight the)y cannot be readily e)bscrv(.'el with a 
mere telesce)pe. We can, he)wever, see them easily e'liough 
when the) brilliant, body ejf the sun is e)bscured during the 
rare occurrence of a total eclipse. The conditions necessary 
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Ibr tlio occurrence of an eclipse will be more fully considered 
ill the next chapter. For the present it will be siitHcient to 
()l)M‘rve that by tlui movement of the moon it may so happen 
that the moon completely hides the sun, and thus for certain 
])arts of the earth produces what wo call a total eclipse. The 
few minutes during which a total eclipse lasts are of much 
iiit(‘rest to the astronomer. Darkness reigns ovea* tlio land- 
scape, and in that darkness rare and beautiful sights are 
witnessed. 


\V(^ have in Fig. 19 a diagram of a total eclipse, showing 
somt' of the remarkable objects 


known as prominences {a, />, e, d, 
( ) which proj(H‘.t from behind the 
dark body of the moon. That 
tln\y do not belong to the moon, 
but are solar appendages of some 
sort, is easily demonstrated. They 
Hi*st appear on the eastern limb 
at the eommemtoment of totality. 
Those first seen are gradually 
more oi' less ('ovi'red by the ad- 
vancing moon, while others peep 



out behind the western limb of 


till' moon, until totality is over and the sunlight bursts out 
again, when they all instantly vanish. 

The iirst total eclipse which o<*ciUTed after the s[)eetro- 
>copc had been pla(a'd in the hands of astrononuM’s was in 
iStiN. On the l(Sth August in that year a total ecli])se was 
visible in India. Several observers, armed with spe(‘trosco]K's, 
Were on the* look-out for the prominences, and ^yv\v able to 
announce that their spectrum consisted of detached bright 
lines, thus di'inonstrating that these objc'cts AV('re masses 
glowing gas. On the following day the illustrious as- 
ti’onomer, Janssen, one of the obs('rvers of the e(‘lit>se, 
siicercdod in seeing tln^ lines in full sunlight, as he now 
knew exactly where to look for them. Many months 

l*<‘b>re the eclij)so Sir Norman Lockyer had been preparing 
search lor the prominences, as he expected them to yield 
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a liiK^ spoctrinii wliicli would ho roadily visible, if oiilj' the 
sun’s oi*diu;uy lii'ht could he suliieieiilly wiiinoAved away. 
He pi*opos('d 10 etlect tliis hy using n spectr()seo])c of great 
dispersion, Avliich would s])read out the continuous spet'l.ruiu 
consid(‘rahly and make it fainter. Tlie (‘ffc‘ct of the gn'at 
dispersion on tla^ isoL-ited bright lines he expe(tted to sec 
would he oidy to wid(‘n the intervals between them Avithout 
intei'fei’ing Avitl) tluar hriglilness. The new sp(M:troseope, 
whi(‘h he orderc'd to he const ructed for tliis purpose, Aras not 
comph'ted until some wivks after l]u‘ e('Ii])S(' was oAagi*, though 
befori' th(‘ news of Jausscars ai'hievcMuent ivaelK'd Kurojie 
from India. When that n(‘ws did arrive Sir X. JAX-kyca* had 
already found the spi'ctrum of unseen ])romin('nc(\s at the 
sun’s limb. The lionour of the prai'tiiail application of a 
nnaliod of obscawing solar promiixaa'es Avithoiit. th(‘ lu'lp of 
an ecli])sc must therefore he shared bidAvaa'n the two 
astronomers. 

When a spectrosco]>e is ]Aointed to the margin of the sun 
so that the slit is radial, e(Ttain short luminous lines become 
visible Avhhdi lie (.exactly in the prolongation of the corre- 
s])onding dark lines in the solar spectrum. From due (am- 
sideration of the (drcumstaiu'es it can be sIioaaui that the 
gas('s Avhich form the prominences are also jAresent as a (^oni- 
paratively shallow atmosjdieric layc'r all round the great 
luminai'y. This layer is about five or six thousand miles 
deej), and is situat('d i7mne(^liately above the (haise layer of 
luminous clouds Avhich forms the visible surface of the sun 
and Avhicli we call the photosphere. The gaseous envelope 
from Avhi('h the prominences spring has been called the 
chromosphere on account of the coloured lines dis])layed in 
its spectrum. Such lines are very nuni(M*ous, but those per- 
taining to the single substance, hydrogen, predominate so 
greatly that Ave juay say the chromosphere consists chiefly 
of this elenjiait. It is, hoAvever, to he noted that calcium 
and one other, eleine-nt are also invariably present, Avhile iron, 
manganese and magnesium are often apparent. The remark- 
able element, of Avhich Ave have not yet mentioned the name, 
has had an astonishing history. 
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During the ellipse of* ISGS a fine yellow line was iu)tice(l 
among the lines of* tlie proniineiu'o s])cctnnn, and it, was not 
inniaturally at Ih’st assnnmd that it must he the yellow 
sodinni line. Hnt. wl)en carei'nl ohservalions w('re after- 
wards made without, hnrry in fnll sunshine, and ac-enrate 
nieasnres W(‘r(' ol)tainefl, it was at om-e, laanarked tluit 
this line was not ide]Ui<'al with eithei* of tlK'. ('()nij)om‘nts of 
the doul)l(‘ sodium line. Tln^ m.‘W line was, no donbt, (piite 
cl<)se to the sodium lines, hut slightly towards the green 
part, of tlu‘, spee.trum. It was also notieed tlua’ci was not, 
generally any (^oi-responding lim^ to h(‘ seen among the dark 
lines ill the ordinary solar spectrum, though a tine dai*k one 
has now and then be.en det(M'tcd, es])eeially near a sun- 
spot. Sir Norman l.oekycr and Sir Kdward Frankland 
showed that this was not jii'odiK'ed hy any known terrestrial 
(‘lenient. It was, ther(‘foro, sup])osed to ho (‘aused hy some 
hitherto unknown body to which the name of hi I'm m, or the 
sun element,, was giv(‘n. About a dozcai k'ss eonspieiious liiK's 
wore gradually identified in tlu; spectrum of tlu^ prominencais 
and the (diromosphei’O, AvhioJi app(nired also to be caused by 
this same mystcuious lielimn. These same nanarkable lines 
have in moi'o ree.ent years also been det(M*,ted in the spe('tra 
of various stars. 

This gas so long known in tln^ hi’aviais was ai last doteeted 
on earth. In April, ITolessor Ramsay, who with Lord 

Rayleigh had dis('over('d th(‘< nmv (‘k'lm'iit argon, (K'teeted the 
])resence of the famous lu'lium lim‘ in tlu‘ s])(‘etrmn of the 
gas liberati’d by luxating the rare miiu'ral known as eleveit(‘, 
found in Norway. Thus this (denuait, the (‘xist(‘n(*(‘ ol which 
had first beem (h'U'Cted on the sun, ninet.y-thr(‘e million mih\s 
away, has at last bt'cn prov('d to be a tenvstrial ('leini'iit, also. 

When it. was announced by Runge that the principal line 
in the spectrum of the U'rix'strial helium had a faint and A(‘ry 
elos(j companion line on the red-ward side, some doubt seemed 
at first to be cast on the identity of the iu‘\v b'rn'strial gas 
discovered by Ramsay with the lielium of the chromos[)here. 
Ihe helium lino of thc^ latter had never been notiei'd to be 
double. Subsequently, however, several observers provided 
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witli very powerful instrinuonts found that I lie famous line 
in the chromosphere really had a very faint companion line. 
Thus th(j identity between the ceh'stial helium and the gas 
found on our globe was established in the most remarkable 
]uaimer. Certain circumstances have seemed to indicate that 
the new gas might possibly be a mixture of two gases of 
different densities, but up to the present this has not been 
proved to bo the case. 

After it liad been found possible to see the spectra of 
mineiKMiS witliout waiting for an eclipse, Sir VV. Huggins, i]i aii 
obstu'vation on the llMh of February, siK'cessfully applied 

a ]uethod for viewing the remarkable solar objects themselves 
instead of their mere spectra in full sunshine. It is only 
ne(jessary to adjust the spectroscope so tliat one of the 
briglitest lines — ejj. the red hydrogen line — is in the middle 
of the field of the viewing telescope, and then to open wide 
tlie slit of the spectroscope. A red image of the prominence 
will th(‘n bo displayed instead of the mere lino. In fa('.t, 
when the slit is opened wide, the prisms produce a series of 
detached images of the prominence under observation, one 
for each kind of light whhdi the object emits. 

We have siioken of the spectroscope as depending upon 
the a(*tion of glass prisms. It remains to be added that in 
the highest class of spectroscopes the prisms are replaced by 
ruled gratings from Avhich the light is reflected. The effect 
of the ruling is to produce by what is known as diffraction 
the riKpiired breaking up of the beaiii of light into its con- 
stituent parts. 

Majestic indeed are the proportions of some of those mighty 
2 >rominences which leap from the luminous surface; yet they 
flicker, as do our terrestrial flames, when we allow them time 
comparable to their gigantic dimensions. Drawings of tlic 
same prominence made at intervals of a few hours, or oven 
less, often sliow great (dianges. The magnitude of the dis- 
|)lacements that have been noticed .sometimes attains many 
thousands of miles, and the a(dual velocity with which such 
masses move frequently exceeds 100 miles a second. Still 
more violent are the convulsions when, from the surface of the 
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chromosphere, as from a mighty furnace, vast incandescent 
masses of gas are projected upwards. Plate IV. gives a view 
of a number of prominences as seen by Trouvelot at. Harvard 
Vollego Observatory, Cambridge, U.S.A. Trouvelot has suc- 
ceeded in exhibiting in the different pictures the wondrous 
variety of aspect which these objects assume. The dimensions 
of the prominences may be inferred from the scale appended 
to the plate. The largest of those here shown is fully 

80.000 miles high ; and trustworthy obscu'vers have recorded 
prominences of an altitude even much greater. The rapid 
changes which these objects sometimes undergo arc well 
illustrated in the two sketches on the left of the lowest line, 
which were drawn on April 27th, 1872. These arc both 
drawings of the same prominence taken at an interval no 
greater than twenty minutes. This mighty ffame is so vast 
that its length is ten times as great as the diajiietcr of the 
earth, yet in this Ijrief period it has completely changed its 
aspect ; the upper part of the flame has, indeed, broken away, 
and is now shown in that part of the drawing between the 
two figures on the line above. The same plate also shows 
various instances of the remarkable spike-like objects, taken, 
liowever, at different times and at various parts of the sun. 
These spikes attain altitudes not generally greater than 

20.000 miles, though sometimes they soar aloft to stupendous 
distances. 

We may refer to one special object of this kind, the 
l emarkable history of which has been chronicled by Professor 
Young. On October 7th, 1880, a prominence was seen, at 
about 10.30 a.m., on tlie south-east limb of the sun. Jt was 
then about 40,000 miles high, and attracjted no special 
attention. Half an hour later a marvellous transformation 
iiad taken place. During that brief interval the prominence 
became very brilliant and doubled its length. For another 
hour the mighty flame still soared upwards, until it attained 
th(i unprecedented elevation of 350,000 miles — a distance more 
than one-third the diameter of the groat luminary itself. At 
this climax the energy of the mighty outbreak seems to luue 
itt last become exhausted : the flame broke up into fragments, 
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and by 12.^30 — an interval ol* only two lionrs from the time 
when it was first noticed — the phenomenon liad completely 
faded away. 

No doubt this particular eruj)tu)n was exceptional in its 
vehemence, and in the vastness of the changes of whi('h it 
was an indication. The vcdocity of njdieaval must have beiai 
at least, 200, 000 miles an houj-, or, to [)ut it in another form, 
more than titty mil(‘s a second. This miu^hly Haiiie lea])ed 
from tlui sun wil.h a velocity more than 100 times as ;i 4 real 
as that of tlui swiftest bullet ever lin'd from a ritle. 

The )m)miuenct‘S may be i^vnerally divided into two 
classes. We hav(‘. lirst. those whicdi are (iom])arativ(‘ly (piies- 
cent, and in form somewhat rescanhle the (douds which iloat 
in our (‘arth’s atmosphere. The second class ol promi- 
nences are best descrilu'd as (‘rii])tive. They are, in ta(;t, 
thrown nj) from the chromosphere like !L>*i^‘an tic, jets of incan- 
descent material. d'hese two class('s of objects differ not 
only in a|)pearanco but also in the gases of which they are 
composed. The cloud-liko prominen(*,es consist mainly ot‘ 
hydrogen, with lielium and calcium, while many metaJs arc 
present in the (.‘ruptive dis(diarges. 'Hio latter arc never 
seen in the neigh f)ourhood of the sun’s ])oles, but generally 
appear close to a sun-spot, thus coniirming the conclusion 
that the spots are associated witli violent disturbances on the 
surface of the sun. When a spot has readied the liml) of 
the sun it is frecinently found to be surrounded by promi- 
nences. It has even been possible in a few instances to detect 
powerful gaseous eruptions in the neighbourhood of a spot, 
the spectroscope rendering them visible against the back- 
ground of the solar surface just as the prominences are 
observed at the limb against the background of the sky. 

In order to photogra])h a prominence we have, of course, 
to substitute a photographic plate for the observers eye. 
Owing, however, to tlie ditiiculty of preventing the feeble 
light from the prominence from being overpowered by ex- 
traneous light, the photography of these bodies was not very 
successful until Professor Hale, of Chicago, designed his spcc- 
tro-heliograph. In this instrument there is (in addition to the 
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iiRiiixl slit Uironi^li whicli the light tails on the pi’isins, or grat- 
ing,) a sccoiul slit immediately in front of llie photographic 
])late through which the light of a given wave-length ran he 
permitted to pass to the exclusion of all tlie rest. TIk^ light 
clioscn for producing an image of the prominences is that 
radiated in one of the remarkable lines due to ealciiim. This 
lies at the extreme ('ud of the violet. The light trom that 
part of the s|Kict.runi, though it is invisihli^ to the ey(‘, is 
much morci a(*-tive photographically than tJie light from the 
hmI, yellow, or grec'ii parts of tlie spc'ctrum. The front slit is 
adjusted so that the K lin(‘ falls upon the si^cond slit, and 
as th('. front slit, is slowly swejjt by clockwork ovei* the whole 
of a prominen(!o, tlu', second slit keeps pace with it by a 
mech a,i ) ica 1 coi it r i van e( •. 

If the- image of the solar disc is liidden hy a .screen oi 
exactly tin; jirojier size, the; slits may be made to sweep over 
the whole sun, thus giving us at one exposun* a picture of 
tlie chromos|)horie ring round the sun’s limb with its promi- 
neiKH^s. ddie serei'ii may now be withdrawn, and the slits 
may be made to sweep rapidly over tlie disc its(;lf. They 
reveal the existence of glowing cak'ium vapours in many 
parts of the surfaitc of the sun. Thus we get a striking 
j)i<‘ture of the sun as drawn by this particular light, lu this 
manner IVofessor Halo (‘onlirmed the observation made long 
])eforo by Professor Young, that the spectra of facuke always 
show the two great calcium bands. 

The velocity with Avhich a prominence shoots upward from 
the sun’s limb can, of i;ourse, be measured directly by observa- 
tions of the ordinary kind with a micrometer. Th(‘ spectro- 
sc.ope, however, enables us to estimate the speed with which 
disturbances at the surface of the sun travel in the direction 
towards the earth or from the earth. We can measun'. this 
^peed by wabdiing the peculiar behaviour of the spectral lines 
represcriting the rapidly moving massi's. This opens up a 
nanarkable line of investigation with important ajiplications in 
many branches of astronomy. 

It is, of course, now generally understood that the sensa- 
tion of light is caused by waves or undulations which imjiinge 
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on the retina of the eye after having been transmitted through 
that medium which wo call the ether. To the different colours 
correspond different wave-lengths — that is to say, different dis- 
tances between two successive waves. A beam of white light 
is formed by the union of innumerable different waves whose 
lengths have almost every possible value lying between certain 
limits. The wave-length of red light is such that there are 
83,000 waves in an inch, while that of violet light is but 
little more than half that of red light. The position of a 
line in the spectrum depends solely on the wave-length of 
the light to which it is due. Suppose that the source of 
light is approaching directly towards the observer ; obviously 
the waves follow each other more closely than if the source 
were at rest, and the number of undulations which his eye 
receives in a second must be proportionately increased. Thus 
the distance between two successive ether waves will be very 
slightly diminished. A Avcll-known phenomenon of a similar 
character is the change of pitch of the whistle of a locomotive 
engine as it rushes past. This is particularly noticeable if the 
observer happens to be in a train which is moving rapidly 
in the opposite direction. In the case of sound, of course, 
the vibrations or waves take place in the air and not in the 
ether. 13ut the effect of motion to or from the observer is 
strictly analogous in the two cases. As, however, light travels 
18G,000 miles a second, the source of light will also have to 
travel with a very high velocity in order to produce even 
the smallest pcrce])tible change in the position of a spectral 
line. 

\Vc have already seen that enormously high velocities 
are b}- no means uncommon in some of these mighty dis- 
turbances on the sun ; accordingly, when we examine the 
spectrum of a sun-spot, we often see that some of the lines 
are shifted a little towards one emd of the spectrum and 
sometimes towards the other, while in other cases the lines 
are seen to b« distorted or twisted in the most fantasth^ 
manner, indicating very violent local commotions. If the 
spot happens to be near the centre of the sun’s disc, the 
gases must be shooting upwards or downwards to produce 
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tlicso changes in the lines. The velocities indicated in 
observations of this class sometimes amount to as much as 
two or even three hundred miles per second. Wo find it 
difficult to conceive the enormous internal pressures Avliich 
are required to impel such mighty masses of gases aloft from 
the photosphere with speeds so territic*-, or the conditions 
which bring about the downriish of such gigantiii masses of 
va[)our from above. In the spectra of the prominences on 
the sun’s limb also Ave often see tlie l)right lines bcait or 
shifted to one side. In such cases Avbat we Avitness is 
evidently caused by nioventents along the surface of tbo 
(diromosphere, conveying materials towards us or away 
from us. 

An interesting application of this beautiful method of 
measuring the speed of moving bodi(\s has been juade in 
various attempts to determine the period of rotation of the 
sun spectroscopically. As the sun tui’us round on its axis, 
a point on the eastern limb is moving towards the observer 
and a point on the Avestern limb is moving away from him. 
In each case the velocity is a little over a mile per second. 
At the eastern limb the lines in the solar spectrum are very 
sliglitly shifted towards the violet end of the spt'ctrum, while 
the lines in the speetrmn of the western limh are e([nally 
shifted towards the red end. !>y an ingenious optical con- 
t]*ivance it is possible to place the spectra from tlio t-wo limbs 
side by side, wlii(‘h doubles the apparent displacement, and 
thus makes it much more easy to measure. Ea'c'ii with this 
contTivaiU't^ the visual quantities to he measured remain ex* 
ceedingly minute. All the parts of the instrument have to 
be most accurately adjusted, and the observations are corre- 
spondingly delicate. They have been attempted by various 
observers. Among the most successful investigations of this 
kind Ave may mention that of the SAvedish astronomer, Dum'r, 
wdio, by pointing his instrument to a number of places on 
the limb, found values in good agreement Avilh the p(‘<‘uliar 
laAV of rotation Avhicli has been deduced from the motion ot 
^un-spots. This result is s])ocially interesting, as it shows 
diat the atmospheric layers, in which that absorption takes 
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place Avliicli produces the dark lines in the spectrum, shares 
in the motion of the pliotostdiere at the same latitude. 

We have yet to mention one other striking phenomenon 
which is among the chief attractions to observers ot total 
eclipses, and which it has hitherto not been found possible 



Fig. 20.— View of the Coroua (and a Comet) iu a Total Eclipse. 


to see in full daylight. This is the corona or aureole of light 
which is suddenly seen to surround the sun in an eclipse 
when the mogn has completely covered the last remaining 
crescent of the sun. A general idea of the appearance of the 
corona is given in Fig. 20, and wc further present in Plate V. 
the drawing of the corona made by Professor Harkness from a 
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comparison 
of a lar^m 
numbor of 
photograplis 
obtained at 
(li ffercnt 
places in the 

r n i ted 
States diir- 
i 11 54' t h 0 
total coli])se 
o f J u 1 y 
1S7S. 

In Fig. 21 
we are ])er- 
iiiitted hy 
the Ivind- 
ness of Jlr. 
and Mrs. 

Maiindcr to 
reproduce 
the remark- 
able photo- 
graph of 
the corona 
which they 
obtained 
in India 
<luring the 
ecli])so of 
d a n 11 a r y 
22iid, 1898. 

The part 
^>f the cor- 
ona nearest 
the sun is 

very bright, though not so brilliant as the ])rominences, 
'vhich (as Professor Young says) blaze through it like 
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carbuncles. This inner portion is generally of fairly regular 
outline, forming a white ring about a tenth part of the solar 
diameter in width. The outer parts of the corona are usually 
very irregular and very extensive. They are often interrupted 
by narrow “ rihs,” or narrow dark bands, which reach from 
the limb of the sun through the entire corona. On the other 
hand, there are also sometimes iiai‘row bright streamers, in- 
clined at various angles to the limb of the sun and not 
seldom curved. In the eclipses of bStiT, 1S78, and 1881), all 
of whi(*h occurred at periods of sun-spot minimum, tin? corojat 
showed long and faint streamers nearly in the direction of 
the sun’s equator, and short but distinct bi-nslios of light near 
the poles. In the eclipses of 1870, 1882, and 1898, near sun- 
spot maxima, the corona was more rt'gularly circular, and 
cliiefly develo])ed over the spot zones. We have here another 
proof (if one were necessary) of the intimate connecjtion 
between the periodicity of the spots and the development of 
all othei- solar ])henomena. 

In the spectrum of the corona there is a mysterious line 
in the gr(‘en, as to the origin of which nothing is at present 
certainly known. It is best seen during ccli])ses occurring 
near the time of sun-spot maximum. It is presented in the 
ordinary solar spectrum as a very thin, dark line, which 
generally remains undisturbed even when lines of hydrogen 
and other substances are twdsted and distorted by the violent 
rush of disturbed (‘lenuaits. The line is always present 
among the bright lines of the chromosphere spectrum. In 
addition to it the corona shows a few othc'r bright lines, bdong- 
ing, no doubt, to the same unknown element (“ coronium ”), 
and also a faint continuous spectrum, in which even a few 
of the more ]n*ominent dark linos of the solar spectrum have 
been sometimes detected. This shows that in addition to 
glowing gas (rej)resented by the bright lines) the corona also 
contains a great deal of matter like dust, or fog, the minute 
particles of which are capable of reflecting tlie sunlight and 
tliercby producing a feeble continuous spectrum. This matter 
seems to form the princdpal constituent of the long coronal 
rays and streamers, as the latter are not visible in the 
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flotached images of the corona which appear instead of the 
bright lines when the corona is viewed, or photographed, during 
an eclipse, in a spcctros(*ope without a slit. If tlie long rays 
were composed of the gas or gases which constitute the inner 
t!orona, it is evident that they ought to appear in these detached 
images. As to the nature of the forces which an', continually 
engaged in shooting out these enormously long streamers, we 
ha.<?K 3 at present but little information. Jt is, howijver, certain 
that the extensive atmospheric*, envelope round the sun, which 
shows itself as the inner corona, must be extremely attenuated. 
(!omets have on several occasions been known to rush through 
this coronal atmos])here without evincing the slightest ap])re- 
(‘iable diminution in their speed fnnn the resistance to which 
t hey were exposed. 

We have accumuhited by observation a great number of 
facts concerning the sun, but when we try to draw from these 
fact.s conclusions as tc.) the physical constitution of that great 
body, it cannot be denied that the difficulties seem to bo 
very great indeed. We find that the best authenuties differ con- 
siderably in the opinions they entertain as to its nat.ure. We 
shall hero set forth the principal conclusions as to which there 
is little or no (jontrovorsy. 

We shall see in a following chapter that astronomers have 
been able to determine the relative densities of the bodies in 
the solar system; in other words, they have found the relation 
between the quantities of matter contained in an equally 
large volume of ea.(*h. It has thus been ascertained that the 
average density of the sun is about a (juarter that of the 
earth. If we compare the weight of the sun with that of an 
equally great globe of water, we hnd that the luminary would 
be barely one and a half times as heavy as the Av-iiter. Of 
course, the actual mass of the sun is very enormous; it is 
no less than dJl(),0()0 times as great as that of the earth. 
The solar material itself is, Jiowever, relatively light, so that 
the sun is four times as big as it Avould have to bo if, Avhile 
Us weight remained the same, its density equalled that of the 
earth. Hearing in mind this lightness of the sun, and also 
the exceedingly high temperature Avhieli we know to prevail 
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there, no other eonclnsion seems possible than that the body 
of the sun must be in a gaseous state. The conditions under 
which such gases exist in the sun are, no doubt, altogether 
dilfereiit from those with which wc are acquainted on the 
earth. At tlie surface of the sun the force of gravity is more 
than twonty-s(‘ven times as great as it is on tlie earth. A 
person who on the earth could just lift twenty-seven equal 
pieces of metal would, if he were traiisferred to the sun, only 
be able to lift one of tlie pieces at a time. The pressure ot 
the gases below the surface must therefore be very great, and 
it might be supposed that tliey would become liquefied in 
consequence. It was, however, disco vijrcd 03^ Andrews that 
so long as a gas is kept at a temperature higher than a 
certain point, known as the critbaxl temperature” (which is 
different for different gas(\s), tlu^ gas will not be turned 
into a liquid however great bo the pressure to which it 
is submitted. The temperature on the sun (*annot be lower 
than the (a*itical temperatures of the gases there existing; so 
it would seem that even the enormous pressure (*an liardly 
reduce the gases in the great luminary to the liquid 
form. 

Of the interior or the sun wc can, ot course, expect to 
learn little or nothing. What Ave observe is the surface-layer, 
the so-called photosphere, in Avhich the cold of spa(M‘, jiroduces 
the coiulensation of the gases into those luminous clouds which 
Avc see in our drawings and photographs as “ rice grains ” or 
willow leaves.” It has been suggested by J)r. Johnstone 
8toney (and afterwards by Professor Hastings, of Baltimore) 
that these luminous clouds are mainly composed of carbon 
Avith those of the related elements silicon and boron, the 
boiling points of Avhich arc much higher than those of other 
elements Avhich might be considered likely to form the photo- 
spheric clouds. The Ioav atomic Aveight of c.arbon must also 
have the effect of giving the molecules of this element a very 
high velocity, and thereby enabling them to Avork their Avay 
into the upper regions, Avherc the temperature has so fallen 
that the vapour becomes chilled into cloud. A necessary con- 
sequence of the rapid cooling of these clouds, and the conse- 
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(jiMMil radiation of heat on a large scale, would be the formation 
of what wo may perhaps describe as smoke, whicJi settles by 
degrees through the intervals between the clouds (making 
these intervals appear darker) until it is again volatilised on 
reaching a level of greater heat below the clouds. This same 
smoko is probably the cause of the well-known fact that the 
solar limb is considerably fainter than the middle of the disc. 
This seems to arise from the greater absorption caused by the 
longer distance which a ray of light from a point near the limb 
has to travel through this layer of smoke befoi*e reaching the 
earth. It is shown that this absorption cannot be attributed 
t.o a gaseous atmos])here, sim.-e this would have the effect of 
producing more dark absorption lines in the spectrum. There 
Avould thus be a marked diifereiKiO between the solai* spectrum 
from a part near the middle of the disc, and the s])cctrum 
from a part near the lind). This, however, we do not find 
to be the (‘as(‘. 

With regard to the nature of sun-spots, the idea first 
suggested by Sec(thi and liockyer, that they indicate 
down rushes of (‘oolcr vapours into the j)hotos])hcrc (or to 
its surfiK'e), seems on the whole to accord best with the observed 
plK'iiomena. We have already mentioned that the s])ots are 
gcn(‘rally accompanied by facula' and eru[)live prominences 
in their immediate neighbourhood, but whethei* these erii])- 
tioui are caused by the downfall of lh(' va])()ur which makes 
the photos])heric matter “splash up” in tla^ vicinity, or 
whether the eruptions come first, and by diminishing the 
n[)ward pressure from below form* a “ sink,” into whi(di 
overlying cooler va])our descends, are probkans as to which 
opinions are still miudi divided. 

A remarkable appendage to the sun, Avliich (‘xtt'iids to a 
<tistan(*e very much greater than that of the corona, ju'oduces 
the ])henomenon of the zodiacal light. A pearly glow is 
*soin(‘tim(‘S sc'cn in the spring to spread over a part of the 
sky in tlie vicinity of the point Avhen^ the sun has disappeared 
atti r sunset. The same spectacle may also be Avitnessed before 
sunrise in the autumn, and it would seem as if the material 
l^i'oducing the zodiacal light, Avhatevcr it may be, had a 
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Icns-shapecl form with the sun in the centre. The nature ot 
this object is still a matter ot uncertainty, but it is probably 
composed of a kind of dust, as the faint spectrum it affords 
is of a continuous type. A view of the zodiacal light is shown 
in Fig. 22. 

In all directions the sun pours forth, with the most prodigal 
liberality, its torrents of light and of heat. The earth can 
only gras]) the merest fraction, less than the 2,000,000,000th 
part of the whole. Our follow planets and the moon also 
intercept a trifle : but how small is the portion of the mighty 
Hood which they can utilise ! The sip that a Hying swallow 
takes from a river is as far from exhausting the water in the 
river as are the planets from using all the heat whicli 
streams from tlie sun. 

The sun’s gracious beams supply the magic power that 
enables the corn to grow and ripen. It is the lieat of the 
sun which raises water from the ocean in the form of vapour, 
and then sends down that vapour as rain to refresh the earth 
and to Hll the rivers which boar our ships down to tlie ocean. 
It is the heat of the sun beating on the large continents 
which gives rise to the breezes and winds that waft our 
vessels across the deep ; and when on a winter’s evening we 
draw around the fire and feel its invigorating rays, we arc 
only enjoying sunbeams which shone on the earth countless 
ages ago. Tdie heat in those ancient sunbeams developed 
the mighty vc^getation of the coal period, and in the form of 
coal that heat has slumbered for inillions of years, till wo now 
call it again into activity. It is the power of the sun stored 
up in coal that urges on our steam-engines. It is the light of 
the sun stored up in coal that beams from every gas-light 
in our cities. 

For the power to live and move, for the plenty with which 
we are surrounded, for the beauty with which nature is 
adorned, we are immediately indebted to one body in the 
countless hosts, of space, and that body is the sun. 




Fig. 22.— The Zodiacal Light in 1S7 
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Tf the moon were .suddenly struck out ot existence, we should 
be immediately apprised of the fact by a wail from every 
seaport in the kingdom. From .liondon and from Liverpool 
we should hear the same story — the rise and fall ol* the tide 
had almost ceased. The ships in dock could not get out ; the 
ships (jutside could not get in; and the maritime commerce 
of the world would be thrown int(^ dire confusion. 

The moon is the principal agent in causing the daily ebb 
and flow of the tide, and this is the most important work 
which our satellite has to do. The fleets of fishing boats around 
the coasts time their daily movements liy the tide, and are 
largely indebted to t,he moon for bringing them in and out 
of harbour. Experienced sailors assure us that the tides are 
of the utmost service to navigation. The question as to how 
the moon causes the tides is postyioned to a future chapter, 
in which we shall also sketch the marvellous part wdiich 
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tlie tides scorn to have ])Iayed in the early liistory of 
our earth. 

Who is there that has not watched, with admiration, the 
beautihd series of clianges throujLi^]i wlTudi the moon [)asses 
every inontli ? We iirst see her as an e-xquisile ('rcseent of pale 
light in the western sky after sunset. If the night is tin(‘, the 
rest of the moon is visible iiiside the crescent, being faintly 
illumined by light rcfle(‘.ted from our own earth. Night after 
night she moves further and further to tlie east, until she 
becomes full, and rises about the same time that the sun 
sets. From the time of the full tlie disc of light begins to 
diminish until the last quarter is reiiclaul. Then it is that 
the moon is seen high in the heavens in the morning. As 
the days pass by, the crescent sha])e is again assuna'd. The 
crescent Avanes thimuir and thinner as the satellite draws closer 
to the sun. Finally she bc(x>mos lost in the overpowering light 
of the sun, again to emerge as the new moon, and again to 
go through the same cycle of changes. 

The brilliance of the moon arises solely from the light of 
the sun, which falls on the not self-luminous substance of the 
moon. Out of tlie vast Hood of light which the sun ])ours 
forth Avitli such prodigality into s[)acc the dark body of the 
moon intercepts a little, and of that little it reflects a small 
fraction to illuminate the earth. The moon sheds so much 
light, and seems so bright, that it is often difficult at night 
to remember that the moon has no light except Avhat falls 
on it from the sun. Nevertheless, the actual surface of the 
brightest full moon is [perhaps not mucli brighter than the 
streets of London on a clear sunshiny day. A very simple 
observation will sutli(je to show that the moon's light is only 
sunlight. Look some morning at the moon in daylight, and 
conq)are the moon with the clouds. The brightness of the 
moon and of the clouds arc <lirectly comparable, and then it 
can be readily coinju'chonded how the sim which illuminates 
the clouds has also illiuriiiicd the moon. An attempt has been 
made to form a comparative estimate of the brightness of the 
«ini and the full moon. If h*00,000 full moons Avero shining 
at once, their collective brilliancy Avould equal that of the sun. 
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The beautiful crescent niooii has furnished a theme for 
many a ])oet. Indeed, if we may venture to say so, it would 
seem that some poets have forgotten that the moon is not 
to be seen every night. A poetical description of evening is 
almost certain to be associated with the appearance of the 
moon in some pliase or other. Wo may cite one notable 
instance in which a j^oet, describing an historical event, has 
enshrined in exquisite verso a statement wbicli cannot be 
correct. Every child who speaks our latigunge has been taught 
that, the burial of Sir John Moore took ])laco 

“ liy thi^ inoonbeanits’ mi.sty 

There is an ap])caran(;o of detail in this statement which wears 
the garb of truth. We arc not inclined to doubt that the 
night was misty, nor as to whether the juoonbeams liad to 
struggle into visibility: the ([u<?stion at issue is a mucli more 
fundamental one. We do not know wlio was the lirst (,o raise 
the point as to whether any moon shone on that memorable 
event at all or not; but the question having been raised, the 
Nautical Almanac immediately supplies an answer. Eroin it 
we learn in language, wiiose truthfulness constitutes its only 
claim to be poetry, that the moon was new at one o’ejoetk in 
the morning of the day of thc^ battle of (V)runna (IGth January, 
LSOD), The ballad evidently inq)lies that the funeral took ])la(;c 
on the night following tlie batthx We are therefore assured 
that the nu)on can hardly have been a day old when the 
hero was consigned to his grave. J>ul the moon in sikJi a 
case is ])ra(}tically invisible, and yields no appre(aable moon- 
beams at all, misty or otlierwise. Indeed, if the funeral took 
pla('(^ at the “(h^ad of night,” as the poet, asserts, then the moon 
must have been far below the liorizon at tlu^ time.* 

In alluding to this and similar instances, Mr. Nasmyth gives 
a wor<l of advice to authors or to artists who desire to bring 
the 7Moon on a scene witliout knowing as a matter of fact 

Soiiu' luimainly gritic has ohsorvod that tho poet liimsiilf seians t(» liavc; f(;lt 
a doubt oil tho matter, bocauso ho has aupploinonted tho didiious mooiihoams by 
th(i “lantern dimly burniuf^.” Tho more gonerous if sornowhat sanguine remark; 
has boon aho made, Diat “the tirno will come when the ovidonco of this poom will 
prevail ovur any astronomical calcuLationa ” 
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tiuit our satellite was actually present. Tie ref'.oniniends tlieiu 
(o follow the example of bottom in A MuUiuiuurr Xvfjtt's 
Dmun, and consult “a calendar, a calendar! J.ook in the 
aliiiaiuKi; lind out uieonshine, lind out in(»onshine 1” 

Among the countless host of celestial bodies — the sun, the 
moon, the planets, and the stars — our satellite enjoys one 
.special claim on our attention. The moon is our nearest 
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permanent neighbour. It is just possible that a comet may 
oe('asionally apju’oach tlu' ('arth more (closely ibaii the moon 
but with this exception the other celestial bodies are geut'rally 
buiidreds or thousands, or ('ven many millions, of limes further 
Iroiii us than the moon. 

It is also to be observxal that the nu)on is one of the 
•smallest visible objects which the heavens eotitain. Jtvery one 
^'1 the thousands of stars that can be seen with ihe unaidi'd 
eye is enormously larger than our satellite, hhe brilliance 
hud apparent vast proportions of the moon arise from tlu' fact 
that it is only 239,000 miles away, wliich is a distance almost 
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iiiimciisurably si nail when compared with the distances between 
the earth and the stars. 

Fi^-. 2d exhibits the relative sizes of the earth and its 
attendant. The small globe shows the moon, while the larger 
globe represents the earth. When we measure the actual 
diameters of the tAvo globes, we find that of the earth to be 
7,1)14 miles and of the moon 2,1(10 miles, so that the diameter 
of the earth is nearly four times greater than tlic diainetei’ of 
the moon. Tf the earth aawc (-lit into fifty pieces, all equally 
large, then one of these piectes rolled into a globe Avould equal 
the size of the moon. The superKcial extent of the moon is 
equal to about one thirteenth ])art of the surface of the earth. 
The hemisphere our neighbour turns towards us exhibits an 
area etpial to about one tAventy-seventh jiart of the area oi' 
the earth. This, to speak «ap 2 )roximately, is about double the 
actual extent of the continent of Furopc. The average materials 
of the earth are, hoAvever, much heavier than those contained 
in the moon. It Avould take more than eighty globes, each 
as ponderous as the moon, to weigh doAvn the earth. 

Amid the changes Avhich the moon presents to us, one 
obvious fact stands prominently forth. Whether our satellite 
be ncAv or full, at first (piartcr or at last, whetlio* it be high 
in the heavens or low neai- the horizon, Avhether it. be in 
process of eclipse by the sun, or Avhether the sun himself is 
being eclipsed by the moon, the apparent size of the latter 
is nearly constant. We can express the matter numerically. 
A globe one foot, in diameter, at a distance of 111 feet from 
the observer, Avould under ordinary circumstances bo just 
sutfi(‘,ient to hide the disc of the moon ; (X'casionally, how('V(T, 
th(i globe Avould have to Ix^ brought in to a distan(*e of only 
lOd feet, or o(X‘,asionally it might have to bo moved out to 
so much as 118 feet, if the moon is to be exactly hidden. It 
is unusual for the moon to approac^h either of its extreme 
limits of position, so that the distance from the eye at which 
the globe must, lu^ situated so as to exactly cover the moon 
is usually mor5 than 105 feet, and less than 117 feet. Th(\s(^ 
fluctuations in the apparent size of our satellite arc contained 
Avithin such narrow limits that in the first glance at the 
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sal)jeci they inay ho overlooked It will he ('asily seen that 
the jippareitt size of the moon must Ixi eomi(‘eted with its 
real distance from the earth. Sup])osc, for the sake of illus- 
tration, that the moon were to rec'ede into space, its size would 
seem to dwindle, and long ere it had reached the distaiicij ol‘ 
rven the very nearest of the other c(‘l(‘stial hodi(‘s it would 
have shrunk into insignificance. On th(‘. other hand, if the 
niooji were to (^ome nc^arer to the (‘arth, its aj)parent size 
would gradually inc.rease until, when closer to our glohe, it 
would seem like a mighty continent stretching over the sky. 
\V(' find that the apj)ar(mt size of tlu^ moon is nearly (‘on- 
staiit, and hence we infer that the av(‘rage distaiua* of tla^ same 
body is also nearly ('oustant. TIkj av<‘rage valm^ of that dis- 
tance is 000 miles. In rar(‘ (*ir(*umstan(*es it may approach 
to a distance, hut littl(‘ mor(‘ than 221,000 mih\s, or n'cede 
to a dista^nce hardly less than 258,000 mihss, hut tin* ordinary 
Hiattuations do not (‘X('eed more than about 18,000 milt's on 
(*ith(*r side of its nu'an value. 

hrom the moon’s intjessanl. ('hangt‘s wt* perct^ivt* that she 
is in ('onstant motion, and we now furtluT stM* that whatever 
thest*. movenu'nts may ht\ tln^ t^arth and tlu* moon must at, 
present remain at tu^arltf tin*- same distance apart. if we 
furtlit'r add that the |)ath pursu(‘d hy the moon around the 
ht'avcais lies nearly in a ])Iane, th(*n w(* an* forced to the. con- 
clusion that our sat(dlite must he revolving in a lu'arly cii*(*ular 
path around the earth at tin*, centre. It (‘an, ind(*(*(l, he shown 
that the constant distanct^ of the two bodies involvt's as a 
ne(‘(\ssary (.'ondition the rev(»lution of the moon around the 
earth. Iho attivudion between the moon and the earth t(_*nds 
to bring tluj two bodies togetlu*r. The only way by which 
siah a ('atastrophe (^an Ixi permanently avoid('d is by making 
the sakdlite move as Ave actually find it to do. The attrac*- 
tion between the earth and the moon still exists, but its 
efl('(it is not then shoAvn in bringing the moon in towards 
the earth. The attraction has now to i*xert its whole? power 
ui rexstraining the moon in its cireailar path ; Ave're the attrao 
tioii te) cease, the moon Avould start off in a straight line, and 
I’ee^ede never to return. 
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The Ikcl of the moon’s revolution around the earth is 
easily demonstrated by observations of tbe stars. The rising 
and setting of our satellite is, of eourse, due to the rotation 
ot the earth, and this apparent diurnal movement the moon 
])Ossesses in ('ommon Avitb the sun and Avith the stars. It 
will, hoAvevor, bo noticed that the moon is continually chang- 


Above the Plane 



FiJ^^ 21. — 'J’he Moon's Poth around tlio Sun. 



Sun 


ing its ])la('e among the stars. Eaxii in the (course of a 
single night, llu^ displacaanent will bo conspicaious to a 
careful observer Avithout the aid of a telesc'ope. Tbe moon 
completes each revolution around the earth in a period of 
27*8 days. 
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Fi:^. 20. — The Pliascs of the Moon. 

In Fig. 24 we have a view of the relative positions of the 
earth, the sun, and tlie moon, but it is to bo observed that, 
for the convenience of illustration, Ave have been obliged to 
represent the orbit of tbe moon on a much larger scale than 
it ought to be in comparison Avith the distance of the sun. 
That half of 'the moon Avhich is turned toAvards the sun is 
brilliantly illmrunated, and, according as Ave sec more or less 
of that brilliant half, Ave say that the moon is more or less 
full, the several ‘‘phases” being visible in the succession shown 
by the numbers in Fig. 25. A beginner sometimes finds con- 
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sklcrable difficulty in understanding how the light on the full 
uioon at night can have been derived from the sun. “ Is not,” 
lie will say, “ the earth in the way ? and must it not intercept 
the sunlight from every object on the other side of the earth 
to tlie sun?” A study of Fig. 24 will explain the difficulty, 
'fhe plane in which the moon revolves does not coincide with 
the plane in which the earth revolves around the sun. The 
line in which the plane of the eaTth’s motion is intei-soctc'd 
l)y that of the moon divides the moon’s path into two somi- 
cin'les. We must imagine the moon’s path to he tiltial a little, 
so that the upper semieirele is somewhat above' the' plane of 
th(' ])aper, and the other semicJrcle below. It thus follows 
that when the moon is in the position marked full, unde'r 
the ('ircumstances shown in the ligure', the moon will he just 
above' the' line', joining the earth anel the) sun: tlic' sunlight 
will thus pass ove'r the e/arth to the moe)n, and the moeni 
will he illuminated. At new moon, the me)e)n will ho under 
the line jehning the earth and the^ sun. 

As the re'la.tivo pe)sitions of the earth and the' smi am 
ehanging, it happe'iis twie;e in e'ach rcvolutkai that the' sun 
ceane's into the pe)sitie:)n of the line of interse'e'tieai of the twee 
planes. If this occurs at the time e)f full me)e>n, the' e'arth 
lies direejtly between the me)oii and the' sun; the nie)on is thus 
plunged into the shadow eef the earth, the^ light from the 
sun is intercept (*d, and we say that the moon is ee‘li])se'd. 
'idle moon sennetinu's only partially ente'rs the e'arth’s shadow, 
in which e'ase the eclipse is a partial one'. When, on the otlu'r 
hand, the sun is situate.'d on the line e)f intersection at the 
time of iK'w moon, the nmein lie's diivctly hetwe'e'ii the e'arth 
and the sun, and the dark hexly e)f the> moe>n will the'u e*ut 
oh the sunlight from the e'arth, preiehiehig a seilar e'e'lipse. 
Iksually only a ])art of the sun is thus eihscnred, forming the 
we'll-kneiwn partial ee'lipse; if, howeve'r, the moon pass c(*ntrally 
e)ver the sun, then we must have one eir other of two very 
ivniarkable kinds e)f eclipse. Sometimes the moon e'litirely 
blots out the sun, and thus is produced the sublime spe'e'tae'le 
ot a teital eclipse, which tells us so inueh as to the nature of 
the sun, and to which we have already referred in the last 
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chapter. Evxu when the moon is placed centrowlly over the 
sun, a thin rim ol‘ sunlight is occasionally secai round the 
margin of the moon. We then have what is known as an 
annular ectlipse. 



It is remai’kahle that the moon is some- 
times able to hide the sun completely, 
wliiU* on other oc(^asi()ns it fails to do so. 
It happens that the average apparcait 
size of tlie moon is nearly (Hjual to the 
average apparent size of the sun, but, 
owing to the. fluctuations in th(‘ir distaiuos, 
the actual ap])arent sizes of both bodi(‘s 
und(ago certain changes. On (certain o(*- 
casions the apparent size of the moon 
is greater than that of the sun. In this 
case a central passage produ(u\s a total 
eclipse; but it may also happen tliat 
the apparent siz(j of tln^ sun exceeds that 
of the moor, in which <^as(‘ a ccaitral 
passage can only ])roduce an annular 
(‘clipse. 

There are hardly any more instructive 
celestial jdicnoinena than the diflbrent 
descriptions of eclipses. No elaborately 
fitted observatory is reejuired to display the 
appearances, and the more striking features 
can be observed without a telescope. In an 
eclipse of the moon (Fig. 2()) it is interest- 
ing to note the moment Avhen the bla(ik 
shadow is first detected, to Avat(;h its 
gradual encroachment u])on the bright sur- 
face of tlu; moon, to follow it, in cas(' 
the (K'Jipse is total, until theni is only a 
thin crescent of moonlight I(‘ft, and to 
watch the final extinc;tion of that cres- 


cent when the Avhole moon is plunged into the shadow. 


But now a spectacle of great interest and beauty is often 
manifested ; for though the moon is so hidden behind the 
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oartli tli.it not n singUi direct ray of the sunlight could reach 
iis siirtace, yet we often iiiid that the moon remains visible, 
iiiid, indt'cd, actually glows with a copper-coloured hue bright 
(aioiigh to permit several of the markings on the surfac(! to 
l)r discerned. 

This illumination of tlu' moon even in tin' depth of a 
t(»iid ellipse is duo to the sunbeams Avhich have just grazed 
llh‘ (‘dge of the earth. In doing so they have beconui 
brill by th(‘- refraction of the atmosphere, a,nd hav(' thus been 
turned inwards into the shadow. Such beams have passed 
through a prodigious thickness of the earth’s atiaos])h(‘re, and 
ill this long journey through hundreds of mil(\s of air tluy have 
b('roine tingl'd with a ruddy or eo])per-like hue. Xor is this 
property of our atmosphere an unfamiliar one. The sun botli 
nt suurisi'- and at sunset glows with a light which is much 
niori' ruddy than tlii^ beams it dispenses at noonday. But at 
sunset or at sunrise the rays which reach oiU‘ oyvs havi' much 
more of our atmosphere to penetrate than tlu'V have* at noon, 
;ind accordingly the atmosphere imparts to them that ruddy 
colour so chanicteristic and often so beautiful. If the speidruin 
of th(‘ sun when close to the horizon is c.xamiiuMl it is seen 
to be filled with numerous dark lines and bands situated 
chiefly towards the blue and violet end. Thesis mv caused 
bv the increasixl absorption which the light suffers in the 
atmosjihere, and give rise to the prc])on derating rcsl light on 
the sun under such conditions. In the case of tlu' ('dipsi'd 
moon, the sunbeams havm to taki* an .•itmospheric journey more 
than double as long as that at sunrisi^ or sunset, and Inaice 
the ruddy glow of the eclipsed moon may bo accounted for. 

The almanacs give the full ])articulars of each echpse that 
happens in the corresponding year. These ])redictions are re- 
liable, because astronomers have been carefully obsi'rving tin* 
moon (or agc's, and havt' learm'd from tiu'si' observations not 
<»uly how the moon moves at pn'senl, but also how it will move 
lor ages to come. The actual calculations are so (*ompli('ated 
that w(‘ cannot here discuss them. There is, liowever, one 
loading ])rinciple about eclipses which is so simple that wo 
miisi vefbr to it. The eclipses occurring this year have no 
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very ol)vioiis relation to tlio eclipses that o(xaiiTe(l last ye.n 
or to those tliat will occur next year. Yet, when wo take ,1 
more extended view of the secpieiKie of these phenomena, .1 
very definite principle hecaanes manifest. If we observe ;j 1| 
the c(Jipses in a. period of eighteen years, or nineteen years, 
then w(^ can ])redi(*,t, with at least an approximation to tin 
truth, all the ruture (‘cli])ses for many years. It is only neces- 
sary to recollect that in G,585i days alter one eclipse a n(.‘arl\ 
similar eclipse follows. For instance, a. hi'antilid e(*lips(^ of tlu* 
moon (H'curred on the 5th of December, bSSl. If we c.omir 
ba(jk G,5(S5 days from that date*, oi‘, that is, eighteen yc;irs 
and eleven days, w(‘ ('ome to November 24tb, 1<S()8, and .1 
similar eclipse of the moon took place then. Again, tbciv 
w(‘r(^ four eclipses in tli(‘ year 18<Sl. If W(' add (),5cS5i days ic 
the date of ('ai'h eclipse, it will give th(^ dates of all th(^ foiii* 
eclipses in tlu^ year 1 81)9. It was this riih^ whi<'b enabl(‘d the 
aiK'ient astronoTuers to pr(‘di(*-t the rc'cnrrence of eclipse's, m 
a time wlu'ii the motions of the moon were not understood 
nc'arly so well as they now nrn. 

During a long voyage, and perhajjs in critical cireauii- 
staiK'c's, the moon will ofteai render invaluable information to 
th(^ sailor. To navigate a ship, suppose from Liverpool in 
China, the (‘aptain must freepiently determino the precise 
position wliich his ship then oe^eaipies. If ho could not dn 
this, ho Avould never find his way across th(^ trackless occiin 
Observations of the sun give him his latitude and tell him 
his local titne, but the captain furtlu'r rccpiires to know the 
Greenwich time IxTore he <*an placo his linger at- a point of 
the (hart and say, “ My ship is here.'’ To ascertain the 
Gre(‘nwich time the ship (;arri(\s a (dironometer which 1ms 
Ixa.ai carefully rated IxToro starting, and, as a pn^'antiem, two 
or three (hronometers are usually provided to guard against 
the risk of error. An unknown error of a minute in th(‘ 
chronometcT might perha 2 )s lead the vessel fifhum miles from 
its proper (ujurse. 

It is important to have the means of testing the chrono- 
meters during the progress of the voyage ; and it would he <1 
great convenience if every captain, when he wished, could 
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THE STORY OF THE HEAVPJNS 

When the eaptiiiii desires to test liis clironoiiicter, ho 
ineasures the distruice ot tlie moon h’om a neii(lihourin<^ star. 
Jii thr Xantieal Almanae lie liiids tlio (h'eciiwich time at 
whi<*h llie moon was three deleaves from the star, (yomparini^* 
this with the mditjal.ions o[ the (dirouometer, lie finds tlie 
re(jnired ('oiToe-tion. In ro(‘.ont years ships liany more chron- 
ometers, s(j tlu? lunar method has hillen into disuse. 

Theiv is niKi widely-er<‘diled myth about the moon wliieh 
must 1 h‘ r(‘oard(‘d as (l(‘void of toimdalion. The id('a that 
onr satellite and the weatlier Ixear some relation has no 
doiiht lK‘en (ait(‘rtained hy hiuh authority, and appcairs to h(‘, 
an article in tin* heli(‘r of many an (‘.\e<dlent mariiu'r. (-and'ul 
comparison In'twecai th(‘ state ol tlu‘ iva'atht'r and tluj phases 
of tile moon has, howeviT, quit(‘ dis(‘redit(Ml tlie notion that 
any eonne(‘tion of the kind does really (exist. 

\V(‘ often noti(‘(‘ ]arg(‘ blank spa<‘('s on maps of Africa and 
of Australia which indieat(‘ our ii»*noranc(' of parts of the 

inti'rioi' ol' thos(‘ en^at continents. \\\) ('an find no siudi 
blank spaces in tli(' map of th(‘ moon. Astronomers know 
th(‘ surfae<‘ ol‘ tin* moon h(‘tt(‘r than g(‘ocTa])lH‘rs know the 
interior of Atriea. Kvery spot on the face of the moon which 
is as lare'i' as an Kn<»Tish ])arish has Imni map))(al, and all 

the mor(‘ important ohj(M'ts have been iianu'd. 

A i(enei-al map of tlie moon is shown in Plate Yf. It 

has luvn has(‘d upon drawings made with small tel(.\s(;opes, 

and it giv(‘.s an (‘iitin* view of that sid(^ of cjur sat(dlite whirdi 
is present(‘(l towai’ds tis. Th(‘ moon is shown as it a])p(*ars 
in an as! ronomi('al tel(_*s('ope, Avhieh inverts (‘V(Tything, so that 
th(' south is at the toj) and the north at the bottom (to 
show ohjtM-ts upright a tel(\se()p(j requires an additional pair 
of limsc's in tin* (‘yi'pieet*, and as this diminishes the amount 
ol light r(*a(‘hing the (ye they are dispensed Avith in astro- 
nomi('a] tidi scopes). We ran s(,*e on the map some of the 
eharact(‘risti(^ f(*atures <>1 lunar se(‘n(‘ry. Those dark regions 
so conspicuous in tin* ordinary full moon are ('asily iXHiognised 
on Uie maj). I hey W(‘re thought to Ixi seas hy astronomers 
before the days of t(*l(.\s(*()p(*s, and indeed tlui name ^^Mare’* 
is still retiiiiK'd, though it is obvious that they contain no 
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water at present. The map also shows eortahi ridges or 
el(Wiited portions, and Avlaai wc^ ‘‘'PPlV nieasurement to 
tli(‘S(^ oljeds we learn that they must he mighty mountain 
range's. Ihit the most striking Teat lire's on the moon are 
those ring-like ohjeets which arc sealtered over the surface 
in profusion. These are; known as the lunar (^raters. 

To faeililato referene-i* to the chief points of interest we 
have arranged an indiix maj) (Fig. ^7) wliieli will give a (due to 
th(' names of the several ohjeeds depieti'd ujioii tlu^ j>late. The 
so-eallled seas are ri'presented hy capital letters ; so that A 
is the Mari^ (drisium, and H th(‘ Oi'Canus Proiadlarum. The 
ranges of mountains are indicated hy small letters ; thus a 
on the index is tlu^ sit.e of the so-called Cain-asus mountains, 
and similarly the Apcmninc's are denoted hy c. The numerous 
craters are distinguislu'd liy numlK'rs: for example, the 
feature on th(^ map e.on’i'Sponding to 20 on the index is 
the crati'r (h'signated Ptolemy. 


A. ^r;ir(* ( riHiuni. 

/. 

( 'ordilleras A ])’Aleiu- i 

10. (.'op»‘rnieua. 

n. ,, Freciinditiitis. 


bel t iiioun(ain>. 

11. K(‘|)lor. 

( '. ,, Tranquillitatis. 


R(x>k mountains. 

12. Aristarchus. 

J). ,, Sorenitatis. 

//. 

IKerfel ,, 

18. liriiualdi. 

E, „ Irahriiim. 

i. 

lioibiiitz ,, 

11. (ia.ssiMuli. 

E. Sinus Iridum. 


, 

15. S(‘hickard. 

it. Mare N'aporum. 



IG. AVaryenliu. 

1 1 ( )e(.*anus rroctdlarum. 

1. 

Posidonius. 

17. Flavins. 

1. Mare lluinoriim. 

•) 

Linne. 

18. Tyeho. 

J. „ Xul)iuiu. 

8. 

Aristotle. 

10. .Mphonsus. 

K. ,, Xectaris. 

1. 

CJreat V^alloy of the 

20. PtoloiUN. 



Alps. 

‘21. Fathaniia. 



Ari.'itillus. 

22. Cyiillus. 

(f. ( ’aucasus. 

l). 

Autolyems. 

2o. Theophilus. 

If. Alps. 

7. 

Archimedes. 1 

24. Petavius. 

Apennines. ! 

1 8. 

IMato. ; 

2o. llyuinu.s. 

( arpatliians. 


Erato.sl hones. 

2G. Trie.snoekor. 

In every gi'ograpl 

lii'a 

1 atlas then* is i 

1 mai) showing tf 

o h(‘misph('res of the 

earth, the eastern and the wester] 


In the ('ase of the moon we can only give a ma[) of one 
hi'inisphere, for the simphi reason that the moon always 
turns the same side towards us, and accordingly W(^ never 
get. a view of the other side. This is (‘ausod by the interesting 
circumstance that the moon takes exactly the same time to turn 
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rouiul its own ;ixis as it takes to j^’o oiuto round the earth. 
Th(? rotation is, however, ])erforni(d with iinifonii speed, while 
tlie moon does not; niov^e in its orhit Avitli a pcifecitly iinifoiin 
v(‘loeity (sre Cliaf)ter IV.). The eonsiHpK'nee is that we 
now jj^et- a sliL^ht j^limpse roniitl the east, linil), and now a 
similar !L(limps(.‘ round the W(‘st limb, as if the moon Avero 
shakinj-- its iiead very -ently at. us. Ihit it is only an iii- 
siL![’niti('ant mariL’iu ol the lai* side of the moon wdiK'h this 

LUn'tdun} p(M-mits us to (‘xamine. 

Lunar ol)j(‘ets an; wr]\ suit(‘d for observation Avheii the 

siinli,<»lit (alls upon tluan in siieh a inamuT as to exhibit 

strongly (-.ontrasted lights and shadows. It is impossible to 
obst'rve the moon sal isfaetorily when it is full, for then no 
eonspi(Mioiis shadow's are east. The most opportune moment 
for s(‘(‘ing any partieidar lunar (>bj(‘e,t is Avdieu it li(‘s just at 
the illiuninat(‘d side of the boundaiy betwecai li'^’ht and 

shade, for tin'll the features are broui»ht out Avitli exquisite 
distinet lu'ss. 

ldat<i VIT.^^ <»iv('s an illustration of lunar senuTV, 
the objeet rt'jiresented beini*' known to astronomers by the 
nauK^ of TriesncH'ker. Th<‘ district. iiK'liuh^d is only a vc'ry 
small fra(‘tion of the entire* surface of the moon, yet the 
K'tual ar(‘a is very considerable*, e*nibrae'inLt us it does many 
hundre'ds of sepiare mile*s. We sce^ in it varieius range's ol 
lunar me)untains, while* tlui e'e‘ntral e)bj(*ct in the*, pie'ture is 
one e)| theise remarkable^ lunar e'raters Avhich we* meet wdth 
so Ireepie'ully in e'very lunar land.se'.ape\ This erat(*r is abeiul 
tw'enty mih’s in eliame‘te*r, and it, has a lofty nmuntain in 
the e'(*ntre*, the^ ])(_*ak eit which is just illuminated by the risiniLi' 
sun in that phase ed om* sate'llite AV'hie*h is reprcsent(.*d in 
the ])ict ure*. 


Phis sketch ha,s hccii (•()j)ie(l hy jierniission from the very hoiintifiil viow iti 
Alessrs. Naaiuytli and ( \'ii]>cntor’s hook, of which it forms I’lato XI. So hayc also 
tho otlier illustmtioTis of lunar scoucry in Platos VIH., IX. The photo-raidis 
'.vero obtained hy Mr. Nasmyth from models caridully constructed from his 
drawin-H to illustrate the features on the moon. Durinj; the last twenty years 
j.hotooraphy lias coiuphdely superseded drawin- by (^yc in the delineation of lunar 
V u 1^1 sco’. s of magnificent idiotograplis of lunar scenery have been pub- 

lished by J^lri 8 and Lick Observatories. 
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A typical view of a lunar crater is shown in TlaU^ VI 11. 
This is, no doubt, a somewhat inai^inary sket(di. Tlui point 
of vi(iw from which the artist is su))])os(m1 to have taken tlie 
pi('ture is one (piite unat,ta.inah](^ hy tei’rcstrial astiwaionirrs, 
V(‘l th('r(‘. can he little doubt that it is a tair r(‘])reseHiat ion 
nf objects on th(‘. moon. We should, how(‘vrr, i-i'colli'ct the 

^('al(‘ on whi(*h it is drawn. The vast (a*at(?r nnist he many 
miles ac'ross, and th(‘ mountain at its ('(‘litre must he 
thousands of feet hi<;h. Th(‘ t('l(‘sco]K‘ will, (‘Veti at its Ix'st, 
(Hily show tlui moon as well as w(5 (‘oiild si‘(i it with tliii 

unaided (.*ye if it W(‘re 250 mil(‘s away insti.'ad of h(‘ino 

2o!),000. We must not, therefoiv, (.‘xp(‘('t to sei' any details 
on the moon ev(‘u with the tin(‘st teleseo|)(‘s, unless th(‘y 

weni coarse (Mioii!L»’h to he visihh^ at a disUmci' of 250 mil(‘s. 
Kn^'land from siK'h a point of vi(‘w would only show London 
as a coloured s])o(, in (contrast with lh(‘ ^'(‘ma'al siirtin'i? of the 
c(.)untry. 

We ri'turn, howi'ver, from a sonu'what fancy skdeh to a 
more prosaiit (‘xamination of what th(‘ l(‘l(‘sco))e (lo(*s actually 
r(‘V(‘al. riato IX. repiH'scmts tla^ larL>‘(‘ crali'r Plato, so w(‘ll 
known to (‘V(‘ryon(^ who us(.‘s a tel(‘scop(‘. The floor of this 
reiuarkalile ohjiH't is n(.\arly Hat, and th(‘ c(‘ntral mountain. s(» 
olt<Mi s(M‘n in otluM’ craters, is entiri'ly wantinit*. We describe it 
nior(‘ fully in tin* <j;'en(M'al list of lunar ohjiM ts. 

Tlu' mountain p(‘aks on the moon throw loiiLf, welhih'iiiK il 
shadows, chai’acterisi'd hy a sharjnu'ss which we do not find 
in th(' shadows of U‘rr(‘strial ohji'cts. Tlu' diih'renci' lu'twei'ii 
liu‘ tAVo ('asi.‘s arises from tlu‘ ahsenc(‘ of air from th(' moon. 
Our atmospluM-e diffuses a certain amount of lin'ht, whii'h 
niit ii^uiti's the hlackni'ss of t('ri*(‘strial shadows and ti'icK to 
sotten their outline. No such infhienci's are at work on th(‘ 
nioon, and the shar|)ness of tin* shadows i.s takiai advantai;!' 
ol in our attempts to measure the hi'i^hts oi‘ the lunar 
mountains. 

It is oft i'll easy to compute the altitude of a (hiirch sti'i'ple, 
a lofty chimney, or any similar object, from tlu? li‘n;L^th of its 
shadow. The simplest and the most aciairate proi'css is to 
nieasure at uoon the number of feet from the base of the ohji'ct 
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to the 011(1 of tlu; shadow. The ok^v'ation ot the suii at noon ou 
th (3 day in (jiu^stion can bo oblainod Jroni the almanac, and thcai 
th(^ lici.itht of the ol)jcct follows by a sini])lo (;al(*idat ion. Indeed, 
if the o[)S(‘rvalinns ('an 1 k‘ made (*ithiT on the (ith ol A])ril 
or the (]th of Sopttanlxa*, at or n(‘ar (he latitude of Loudon, 
th(‘n calculations would be uime(_'essary. The noonday haigtli 
of the shadow on (‘ithia* of the dat(‘s named is eijual to the 
altitude of the objiM't.. In summer the length of the imontide 
shadow is K'ss than the altitude; in wint(n’ the length ot 
the. shadow ex(;e(‘(ls the altitude. At sunrise or suii.set the 
shadows ar(‘, ot ('oiirse, iniK'li longxT than at noon, and it is 
shadows of this kind that w(‘ observer on the moon. The 
iHM'essary mc^asunamTits are mad(^ by that indispensable adjiUK't 
to the ecpiatorial t(h‘scope known as the /e/vn/ntc/*. 

This word d(‘not(*s an instriniKait for measuring sunfll dis- 
taiua^s. In om^ scaisi^ the tt'rm is not a happy one. The 
obje(‘ts to whi(h tln^ a.stronom(.T applies the mi(.*.romet(T are 
usually anything but small. Tiny an^ gcnierally of the most 
transcendent dimensions, far (*x(.*.eeding the moon or the sun, 
or even our whole system. From another point of view, the 
name is not inappropriat(‘, for, vast though the objects may 
be, they generally seem minute, even in the telescope, on 
account of their great distance. 

We r('(piire for such iiH'asuriamaits an instrument (*apablc 
ot th(^ grc'atest nicety. Here, again, we invoke the aid of the 
spider, to whosi^ assistance in another de[)artment we have 
aln'ady ret(‘rr(‘d. Tn tlu^ lilar micronu^ter two spider limvs are 
parallel, and oik' inter.s(‘cts them at right angles. Om* or b(jth 
ot the parall(*l lines can lx* mov(*d by means of s(U‘(^ws, the 
threads of whi(h have beiai shajxxl by consummate workman- 
ship. The distance through whi(*h the lino has been moved 
is a(‘curately indicat (m 1 by noting the number of rc^volntions 
and parts of a revolution of the sennv. Suppose tlu; two liiK‘S 
bo first brought into ('oincidenee, and then separated until the 
apparent length of th(‘ shadow of the mountain on the moon 
is ('(pial to th(^ distance lH;tw(‘en the lines: we then know the 
number of revolutions ol the niicr<jmeter screw wliicli is ecpii- 
valent to the length ot the shadow. The number ( 3 f miles on 
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tlic moon which correspond to one revolution ot the screw has 
been previously ascertained by other observations, and hcaice 
the length of the shadow can he deteriiiined. The el(‘\atioii 
of the sim, as it would have appeared to an observer at this 
point of the moon, at the liioment when the measures w(‘re 
being made, is also obtainable, and heina; the actual (‘bnalion 
of the mountain can \h) cahadated. By measureTuenls of this 
kind the altitudes of otlua- lunar objects, siK'h, for (‘xample, as 
the height of the rampart surroiutding a circular-walled ])lane, 
can be determined. 

The beauty and int^erost of the moon as a telescopi(' object 
induces us to give to the student a somewhat dtSailed account 
of the more remarkable featun's Avhic.h it prestmts. Most of 
the ohjcct.s we arc to d(^s(;ribe can be effetttively exhibited with 
very moderate tel(}S(iopi(*, power. It is, however, to be remem- 
bered that all of them cannot be well seen at on(‘ time. The 
region most distinc.tly shown is tlu^' boundary between light 
and darkness. The student will, thei’efore, select fur (jbsia*- 
vation such objects as may hap]>en to lie near that boimdary 
at the time when he is observing. 

1. PosidoK — The diamet(T of this large crater is nearly 
()(} mih^s. Although its surrounding wall is comparatively 
slender, it is so distinctly marked as to make the objc'ct very 
conspicuous. As so fr(‘quently happens in lunar V(»l(*ano('s, the 
bottom of tlu) c-rater is beloAV the level of tla^ surrounding 
plain, in the present instaina^ to the (»xtent of nt\arly •2,.‘)()() ftvt 

2. Linne . — This small crater lies in the Mare Sertaiilalis. 
About sixty years ago it was describiHl as luhig about bJ, 
miles in diameter, and seems to lana^ becai sutlicienlly con- 
spicuous. In 1S()() Scdimidt, of Athens, annouiK'cd that the 
(jrater had disappeanul. Since then an ex('eedingly small 
shallow depression lias been visible, but the whole object is 
now very inconsiderable. 'rhis seems to Ih‘ tin' most clearly 
attested case of (‘hange in a lunar objtaa. Apparently the walls 
ol the (irater have tumbled into the interior and [)artly tillial 
It tip, but many astronomers doubt that a (*hange has really 
taken place, as Schriiter, a Hanoverian observia* at the end 
of the eighteenth century, appears not to havci seen any 
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conspicuous crater in the place, tlu)u<«li it must be admitted 
tliat bis observations an; ratber incomplete. To i»-ivo some 
idea of Sebmidt’s amazini^ industry in lunar researches, it may 
bo mentioned tliat in six years b(^ made ncai’ly 57,000 individual 
settings of bis micromeba* in the measurement of lunar alti- 
tudes. Mis gi’eat ebart of the mountains in the moon is based 
on no less tlian 2,7dl drawings, but the splendid photographic 
(^liarts of the moon issued by the Paris Observatory contain 
inlinitely more detail than even tlie tinest drawings. 

A. — Tliis great philosoplicr’s name has been at- 

ta{‘b(‘(l to a grand cratia* 50 miles in diann^ter, the intca'ior of 
wbieb, altbougli veiy billy, shows no decidedly marked central 
cone. Hut the lofty wall of the crater, exceeding 10,500 feet 
in height, ovc'rsbadows the lloor so continuously that its 
features are ncuia* s(‘en to advantage. 

A. The (h'eat Valley of the Alps, -A. wonderfully straight 
valley, with a width ranging from 8! to (i miles, runs right 
tbrongb the buiai* Alps. It is, according to Madler, at l(‘ast 
11,500 feet dee]), and over 80 miles in length. A few low 
ridges which are parallel to the sides of the valley may 
possibly be tlie result of landsli))s. 

5. A risfllliis. — Ibider tavonrable (tondit ions Lord Posse’s 
gr(‘at teles(tope has shown the exterior of this inagnitiiaMit crater 
to l)e s(}ored with deep gullies radiating from its centre. 
Aristillus is about 84 miles wide and 10,000 feet in depth. 

0. Aidohjeifs is somewhat smalbw than the for(‘going, to 
which it forms a companion in accordanci' with what Madler 
thought a W('lhdefined relation amongst lunar (jraters, by whi(di 
tiny Irecjuently (X'c.urred in pairs, with the smaller one more 
lisually to the south. lowards the (‘dge this arrangianent is 
geneially rather apparent than real, and is merely a result of 
for(‘shortening. 

7. This large plain, about 50 miles in 

diameter, has its • vast smooth interior divided bv unequally 
twight streaks into seven distinc,t zones, running east and 
west. There is’ no central mountain or other obvious iu- 
tcinal sign ol former activity, but its irregular wall rises 
into abrupt towers, and is marked outside by decided terraces. 
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8. Pl(((o . — Wo have already refeiTcd to this extensive 
circular plain, which is uoticeal)lo with the siualhist tehiseojM*. 
The average height of the rampart is about 8,800 f^et on lln^ 
eastiTii sid(‘. ; thci W(istorn side is somewhat lower, but then^ 
is one peak rising to the luaght of nearly 7,800 ft‘et. Th(^ 
plain girdled by this v'ast rampart is of ample proportions. 
It is a somewhat irregular eirele, about 00 miles in di;uurter, 
and eontaining an aiva of 2,700 scpiare mih's. On its tloor 
l!i(‘ shadows of the W(‘stern wall are shown in Plate IX., as 
are also three of the small (*rat(“rs, of whi(‘h a larg(‘ number 
have been d(^t('cted by persevering observers. Tlu' nai-iow 
sharp line leading from the crater to tho h'ft is oin* of those 
nauarkable “('.h‘fts” which traverse the moon in so many 
dire(!tions. Another may be S(Mai furth(‘r to lie* hdt. Above 
Plato are several detached mountains, the loftiest of which 
is Pico, about 8,000 feet in height. Its long and pointed 
shadow would at llrst sight b'ad one to su]>[)ose that it 
must !)('- very steep: but Sehmidt, who sp(?cially studied tin? 
inclinations ot‘ tln^ lunar slopes, is ot opinion that it can- 
not be iK'arly so ste(‘p as many of tlu^ Swiss mountains 
that im) frecpiently ascend(‘d. As many as thirty minute 
(a'atcrs have In'cn carefully observ(‘d oJi the tloor of Plato, 
and variatioiis hav'o beeii thought by Mr \V. 11. Pickering 
to be jxa’cept ibl(‘. 

0. — This profound crater, upwards of 87 

mih's in diametiu', lies at the end of the gigantic; range of 
the Apc'iiniiK's. AOt impi*ol)ably, Eratostluaies onci‘ foiaued the 
volcanic; vent for the stu])endous forc;c.\s that elc'vated thc‘ c'om- 
[)arativa'ly c;rat ca’lc'ss jK'aks of tlu'sc' great mountains. 

10. iriLs . — Of all the lunar c-ratcM’s this is one' of the 

grandc'st: and bc\st known. The region to the west is dotted 
ovc'r with inniimc'rable minute* ca-atc.rlc'ts. It has a caaitral 
many-])eaked mountain about 2,400 fec*t in hc'ight. 'rhc'rc* is 
good reason to believe that the terracing shown in its interior 
is mainly due to the repeated alternate rise, partial c'ongc'la- 
tion, and subsecpient rc'tivat of a vast, sea of lava. At full 
nioon the crater of Copernicus is seen to be surrounded by 
radiating streaks. 
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11. Kejdr/r. — Allliougli tlic internal (l(‘pth ot this crater is 
s('arccly l('ss than 10,000 Icot, it has but- a. very low surround- 

wall, whi(ai is roinarka])k> for h(‘in.<,^ covered with tlie same 
^listeninij’ subslajuic that also forms a system of hrii^ht rays 
not milik(^ th()S(‘ smTounding the last object. 

12. Arlshfir/ms is the most brilliant of the lunar (tracers, 
being specially vivid with a low power in a large telescope. 
So bright is it, indeed, that it has often been seen on the 
dark side just, after mnv moon, and has thus given rise to 
marvel Ions stories of active lunar volcanoes. To the south- 
east li(‘s another smaller crater, Herodotus, north of which is 
a narrow, deep valley, nowhere mort^ than ‘2i miles broad, 
whi(di mak(‘s a, rtanarkable J^igzag. It is one of the largest 
of 1 he lunar “ chits.” 

18. (rrumddl (jails for noti(je as the darkest object of its 
size ill th(j moon. Under very excjoptional circumstamjes it 
has 1)0011 seen with the naked eye, and as its area has been 
estimated at nearly 14,000 sejuare miles, it gives an idea of 
how little unaided vision (jan discjorn in the mo(m ; it must, 
however, be add(Ml that we always see (jrimaldi considerably 
foiM'shorteiied. 

14. Th(j grc'at (jrater Gussmdi has be(‘n very frequently 
mapped on aecount of its elaborates system of “clefts.” At 
its nortluTii end it (Jommuni(Jat(‘S with a smaller but much 
deeper cratei’, that is often filled with blacsk shadow after the 
whole floor of Gassendi has been illuminated. 

15. Schlckard is one of the largest walled plains on the 
moon, about 184 miles in breadth. Within its vast expanse 
Madl(T d(itect(‘d 28 minor craters. With regard to this objec^t 
Cha('orna(j pointed out that, owing to the eairvature of the 
surfax^e. of the moon, a spc^ctator at the centre of the floor 
“ would think himself in a boundless desert,” because the 
surrounding wall, altlmugh in one place nearly 10,000 feet 
high, would lie (aitirely beneath^ his horizon. 

10. Close to the foregoing is Wargetitiii. There can bo 
little doubt thAt this is r(‘ally a huge crater alnuxst filled with 
(;ong('aled lava, as there is scarcely any fall towards the 
iniorior. 
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17. Claviiis , — Near tlic GOtli parallel ot' lunar south lati- 
tude lies this enoriuous enclosure, the area of \vhi(‘h is not 
less than 10,500 scpiare miles. Both in its interior and on its 
walls are many peaks and secondary craters. The tel(‘sco])i(j 
view of a sunrise upon the surface of Clavius is truly said hy 
Mildler to be indeserihahly ma<>^nitlcent. One of the peaks 
rises to a height of 24,000 feet above the bottom of one of the 
iiududc'd craters. Miidler even expressed the opinion that in 
ibis wild neighbourhood there are craters so [)rofound that 
no ray of sunlight ever penetrated th(‘ir lowest depths, while, 
as if in compensation, there are peaks whose summits enjoy a 
mean day almost twice as long as their night. 

IS. If the full moon be viewed through an opera-glass or 
any small hand- telescope, one crater is immediately seen to 
he (fonspicuous beyond all others, by reason of the brilliant 
r:t\’s or streaks that radiate from it. This is the majestic 
Tjjcho, 17,000 feet in depth and 50 miles in dianulc'r (Plate X.). 
A peak 0,000 feet in height rises in the centre of its floor, 
while a series of terraces diversity its interior slopes; hut it 
is the mysterious bright rays that chiefly surprise us. AMien 
th(i sun rises on Ty(4io, these streaks are utterly invisible; 
indeed, the whole object is then so ohs(*ure that it requirivs a 
practised eye to recognise Tycho amidst its mountainous 
surroundings. But as soon as the sun has attained a height 
of about :^0'^ above its horizon, the rays emerge from their 
obscMirity and gradually increase in brightiu'ss until the 
moon becomes full, when tlu^y are the most conspicuous 
objects on her surface. They vary in kaigth, from a lew 
hundred miles to two or, in one instance, nearly three thousand 
miles. They extend inditierently across vast plains, into th(i 
deepest (*Taters, or ovtw the loftiest elevations. We know of 
nothing on our earth to which they can be compared. As 
these rays are only seen about the time of full moon, their 
visibility obviously depends on the light falling more or less 
(closely in the line of sight, quite regardless of the iiu'lina- 
tion of the surfaces, mountains or valleys, on which they 
appear. Each small portion of the surtac.e of the streak must 
therefore be of a form whi(di is symmetrical to the spi'ctator 
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from whatovor point it is s('on. Tli(' splu'ro alone appears to 
fulfil this (iondilion, <‘ni(l Proh'ssor Copolinul tlu'iHdore suggests 
tliat, lh(^ nia((‘i-i;il constituting the surfu'-e of tlie stn^ak must 
be made up of a large numlMM* of mor(*. or l('ss ('ompleUdy 
sph(Ti('aI glohuh's. The streaks must, r(‘pr('S('nt parts of th(^ 
lunm* siirfaeci either pitted with minute cavities of s])licrieal 
figur(‘, or strewn ov(!r with minut(^ transparent splu'res.^" 

Neai’ th(^ (centre of the- moon’s diset is a iim^ range of 
ring [)lains fully ()])(ai to our vi(‘W undia’ all illuminatit)ns. Of 
these*, 1 wo may l)e ni(‘ntioiHMl — ^Uy>//o//.s*/cs* ( ID), the floor of whi(di 
is strangedy (diaivu'teriseal by two bright and sev(‘ral dark 
mai'kiiigs whiedi eaiinot he ex])laiiu‘d by irrt'gularities in tlu^ 
surface *. — PfoHnnj (20). I)(\sid(‘s s(*veral small (*nelos(*d crat(M;s, 
its floo]* is c,ross('d by numerous low ridges, visible wlu'u the 
siiii is rising or se'lting. 

21, 22, 2.‘k- -\\ h('n tlie moon is five or six days old this 
beautiful group of threes ('rat(‘rs will ho favom*a,bly ))la('ed for 
ohs(‘r\’ation. Th(*y are^ nauK'd , (\f/rllhfs, and Thro- 

j)hihfs, (\*ilharina, the most southerly of the group, is more 
than 10, 000 f(‘('i (!(*('[), and ('on]iect(‘d with (Vrillus by a wide 
val](\y; but lag ween (Vrillus and Th(‘()philus tlua'e is no such 
(‘.oniKM't ion. Indeed, (Vrillus looks as if its linger surroimding 
ramparts, as high as Mont Blam*, had In'e'U eom])l(‘tely finished 
b{*for(‘ the volcanic forea's ('omnuan'ed th (3 formation of d’h(3o- 
])hilus, th(' rampart of* which emroaedies considerably on its 
older neighbour. Theophilus stands as a well-defined (‘ii’eadar 
crat(‘r about (if miles in diameter, with an internal depth of 
14,000 to IS, 000 feet, and a beautiful central gi-oup of moun- 
tains, one-third of that height, on its floor. Although Theophilus 
is the de(*pest crater we can se(^ in the moon, it has suffenid 
littk* or no d(*i'ormation from s(‘(!onda.ry eruptions, while the 
floor and wall ot ( atharina show complete se(pienc(*s of lesser 
(*rat(H's of various sizes tliat have broken in upon and partly 
deslrojajd each otlu*r. In the spring of the j^ear, when the 

* At tho Uritish , Associationts inert iii.ri: 'it Cardiff in 1892, Prof. Copeland 
exhiliito'l a iriodcd the moon, on Avhich the appcaraiiee of tln^ .streaks near full 
moon V (s perfectly shown by means of small spheres of transparent glass attached 
to the siiri’ace. 
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moon is somewhat before the lirst quarter, tin’s instriietivo 
ij^roup of extinct volcanoes can be seen to ^reat advanlai^c at 
a convenient hour in the evening. 

24. Petdvnis is remarkable not only for its gn'at size, but 
also for the rare feature of having a double rampart. It is a 
beautiful object soon after now moon, oi* just after full moon, 
but disappears absolutely when the sun is more than 45^ 
above its horizon. Tlui (n*ater Hoor is remarkably (‘oiiv(‘x, 
culminating in a central group of bills intersected by a deep 
cleft., 

25. M/f;fuiits is a small eratiT lu^ar the centre of the moon’s 
dis(^. One of the largest of the lunar (basins passes right 
through it, making an abrupt turn as it d(.)es so. 

2(3. Ti'lesiie<*hei \ — This tine (trater has Ihm'U ab*c\idy dc- 
s(iribed, but is again allud(‘d to in ordra* to di'aw attention to 
th(‘ (bd)orate systcan of chasms so ('onspiiaiously shown in 
Idat(} V'll. That tlu'scj (*hasms are d(‘p]-(‘ssions is abundantly 
evident by the shadows insider Way oiUai their margins arc 
appreciably raised. They seem to he Ibu^turc's in the nexju’s 
surfac^e. 

Of the various mountains that are occasionally s<.‘en as 
j)r(.)j (Anions on the actual edge of the moon, those called after 
L(abnitz (/) seem to Ix^ tlu^ highest. Sibinidt found the 
highest peak to be upwards (jf 41,t)0(J feet abov(^ a luaghbouring 
valk^y. In comparing these altitnd(‘s with thosi^ of mountains 
on our earth, we must tor the Iall('r add th(‘ d(‘|)th of the 
s(^a to the height of tlu^ land. Ile(*koned in this way, our 
high(^st mountains are still higiier than any we know of in 
the moon. 

We must now discaiss tin', important question as to the 
origin of these remarkable fealun's on the surface of the 
moon. Wo shall admit at tlu^ outset that our eviihaici^ on 
this subject is only indirect. To establisli by unimpeacbable 
evidence the volcanic origin (^f the remarkable lunar cratc'rs, 
it would seem almost necessary that volc^anic outbursts should 
have been witnessed on the moon, and that such outbursts 
should have been seen to result in the formation of tlio welb 
known ring, with or without the mountain rising from the 
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centre. To say that notliinij^ of tlic kind has ever hceii wit- 
ness(Ml would be ratlaa* too (‘luphatie a statement. On certain 
o(;e.asions careful ol)servers liave reported tluj (xjcurrence of 
minute local chani^vs on tin? moon. As we have already 
remarked, a, (jrater nanu‘d Linne, ol dimensions respectable, 
no doubt, to a- lunar iidiabilant, but formin<^ a very incon- 
siderable tel(‘S('()pi(? obj<‘(;t, was thought to have undergone 
some chang(‘. On another occasion a minute crater was 
thought to have arisen near the well-known objecjt named 
Hyginiis. 'fhe men? enumeration of sucli instances gives 
real (anphasis to tin; statement that there is at the present 
time no appr(‘(*.iable source of disturbance of tin? moon’s 
surfa.(ie. fhaai were these trilling cases of suspected (change 
r(‘ally establislu'd— and this is perhaps rather farther than 
many astronomers Avould be willing to go — they are still 
insignilicant wh(*n compared with th(^ mighty ])henomona that 
ga,v(? rise to the host oi' great (?raters Avhich cover so large a 
])ortion of the moon’s surfa(?e. 

\V(i are led in(?vital)ly to tin? (*onclusion that our sat(‘llite 
must liave oiic.e possessed much greater activity than it now 
displays. We ('an also givi? a reasonable, or, at all ev(?nts, a 
])lausibl(.‘, explanation of th(‘ c(.\ssation of tliat activity in 
nx'ent timi's. L('t us glaiKje at two other bodies of our 
system, the earth and the sun, and (iom])are them with tlie 
moon. Of th(' tlir(‘e bodies, tin? sun is enormously the largest, 
while the moon is much l(.?ss than tlie earth. We have 
also seen that though the sun must have a very high tem- 
pc'rature, tlu'n? ('an be no doubt that it is gradually parting 
with its heat. Tlu' surfae-e of the eartli, formed as it is of 
solid roe-ks and clay, or covered in great ])a.rt by tlie vast 
expanse ot ()('(_*an, b(»ars but tew obvious tra('es of a high tcnii- 
pcTature. Nevt?rthe!ess, it is highly probable from ordinary 
vol(mni(? phenomena that the interior of the earth still 
possesses a tem[)erature of incandescence. 

A large body when heated takes a longer time t(j cool 
than docs a s^nall body raised to tlie same temperature. A 
large iron casting will take days to cool ; a small casting will 
be(*,oinc cold in a few hours. Whatever may have been the 
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original source of heat in our systoiii — a question which we are 
not now discussing — it seems dcmonstrahle that the ditVerent 
bodies were? all originally heated, and have now for ag(;s l)een 
gradually cooling. Tlie sun is so vast that he has not yet 
had time to cool; the earth, of intermediate bulk, has 
be('ome cold on the outside, while still retaining vast stor(‘s 
of internal heat ; while the moon, the smallest body of all, 
has lost its heat to such an extent that changes of \m- 
|)ortance on its surta(te can no longer be originated by 
internal tires. 

\Vc are thus led to refer th(^ origin of the lunar craters 
to some ancient epoch in llui moon’s history. We have 
no means of knowing the remot(‘n(‘.ss of that ejjotth, but 
it is reasonable to surmise that the anti(juity of the 
lunar volcanoes must be extremely great. At the time 
when the moon was sufK(a‘('ntly heated to originate those 
convulsions, of whi(!h the mighty craters are the survivals, 
the earth must also have been much liotter than it, is at 
present. Wluai th(‘ moon possessed sulibnont h(‘at tor its 
vohjanoes to be active, tb(‘ earth was prohaldy so hot that life 
was impossible on its surtac(‘. This sup])osition would point 
to an antiquity for the lunar (jraters far too gn\‘il to be 
estimated by the centuries and the thousands of yvnrs which 
are adequate for such periods as those with which the his- 
tory of human cvcaits is concerned. It seems not unlikely 
that millions of years may have elapsed since the miglity 
craters of Plato or of (operni(tus consolidated into their 
present form. 

We shall now attempt to account for the formation of the 
lunar craters. The most probable, views on the subject si'cni 
to be those which have been set forth by ilr. Nasmyth, 
though it must be admitted that his doctrines are by no 
means free from difficulty. According to his theory we can 
explain how the rampart around the lunar crat(U’ has been 
lorrned, and how the great mountain arose which so often 
adorns the centre of the plain. The view in Fig. 2H (con- 
tains an imaginary sketch of a volcanic vent on the moon 
in the days when the craters were active. The eruption is 
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here shown in the tulncss ol its energy, when the internal 
forces are liurliiig forth ashes or stones which fall at a 
considerable distance iroin the V('nt. Ihc materials thus 
accuniulaled consiitnte the rampart surrounding the crater. 

Tlie second [)icturc (Fig. 29) d(‘picts the crater in a later 
stages of its history. The prodigious explosive ])ower has now 
been exhaust ed, and has pc'rhaps Ix'cii intermitted lor some tinu\ 
Again, the volcano lairsts into acTivitv, hut this time with 
only a small ])art of its original eiuTgy. A comjiarati vely 
fet.‘hl(' eruption now issues Irom the same vent, deposits 
materials (dose around the oriH(;(^ and rais('s a mountain in 
th(! ceiitiv. Finallv, wlaai the activity has subsided, and the 
volcano is sihait and still, we find the evidene;e of the early 
eiUM-gy testified to by the rampart which surrounds the 
ancii'Tit ci*at(‘r, and by tlie mountain wliitdi adorns the 
interior. Tin* Hat Hoor which is found in some of the (-ratca’s 
may not improl)ahlv hav(‘ a,ris(.ai from an outHow of lava. 
whi('h has aftt'rwards consolidated. Suhsecpient outhivaks 
have also occurriMl in many (ais(\s. 

One of the ])rin(dpal difHcultii's atUaiding this method of 
accounting for the stru(‘tur(‘ of a crat(a‘ arisi's iVom tlic great 
size which souk' of these objects attain. Th(‘re are amadait 
volcaiKH.'s on ih(‘ moon forty or fifty mih'S in diametca*; 
ind('(‘d, there is one well-form(‘d ring, Avith a mountain 
rising in the ctaitix*, tlie diam(‘l(T oi whieh is no less than 
sev(‘nty-(Mght miles (Petavius). It scaans difficult to (xm- 
ceive how a blowing ('oik' at the (aaitre (*ould convey the 
materials to such a distance as the thirty-nine miles betwcxai 
the centre of IVtavius and the rampart. Tlie explanati(^n is, 
how(‘V(T, facilitated Avluai it is Ijorne in mind that the force 
of gravitation is much h'ss on the moon than on the earth. 

Have we not alivady seen that our satellite is so imudi 
smaller than the earth that eighty moons rolled into one 
would not. weigh as much as the earth '( On the t'arth an 
ounce Aveighs an oun('(‘ and a pound Aveighs a pound ; Init 
a weighi of six ouncx's here Avould only Aveigh one ounce on 
the moon, and a Aveight of six pounds here Avould only 
weigh one pound on the moon. A labourer Avho can carry 
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one sack of com on the earth could, with the same exertion, 
carry six sacks of corn on the moon. A cricketer who can 



Fig. 29. —Subsequent Feeble Activity. 


throw a ball 100 yards on the earth could with precisely 
the same exertion throw the same . ball GOO yards on the 
iTfioon. Hiawatha could shoot ten arrows into the air one 
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after the other before the first reached the ground ; on the 
moon ho niiglit have emptied his whole quiver. The volcano, 
whi(^h on the moon drove projectiles to the distance of thirty- 
nine I] files, need only possess the same exj^losive power as 
would have been sufficient to drive the missiles six or seven 
miles on the earth. A modern cannon 2)roperly elevated 
would easily achieve this feat. 

It must also be borne in mind that there are innumerable 
craters on th(i moon of the same general type but of the 
most varied dimensions; from a tiny telescopic object two or 



three miles in diameter, we can point out gradually ascending 
stages until we reach the mighty Petavius just considered. 
With regard to the smaller craters, there is obviously little 
or no difficulty in attributing to them a volcanic origin, and 
as the (continuity from the smallest to the largest craters is 
unbroken, it seems quite inasonable to suppose that evto the 
greatest has arisen in the same way. 

It should, however, be remarked that some lunar features 
might be explained by actiems from without rather than from 
within. Mr. G. K. Gilbert has marshalled the evidence in 
support of the belief that lunar sculptures arise from tlie 
im])act of bodies falling on the moon. The Mare Imbrium, 
according to this view, has been the seat of a collision to 
which the surrounding lunar scenery is due. Mr. Gilbert 
explains the furrows as hewn out by mighty projectiles 
moving with such velocities as meteors possess. 

The lunar landscapes are excessively weird and rugged 
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They always remind us of sterile deserts, and we cannot fail 
to notice the absence of grassy plains or green forests such as 
wo are hxmiliar with on our globe. In some respects the 
moon is not very differently circumstanced from the earth. 
JJke it, the moon has the pleasing alternations of day and 
night, though the day in the moon is as long as twenty-nine 
of our days, and the night of the moon is as long as twenty- 
nine of our nights. We are warmed by the rays of the sun ; 
so, too, is the moon; but, whatever may be the temperature 
(luring the long day on the mocm, it seems certain that the 
cold of the lunar night would transcend that known in the 
bleakest regions of our earth. The amount of heat radiated 
to us by the moon has been investigated by Lord Rosse, and 
more recjently by Rrofessor Langley. Though every point on 
the moon’s surfacio is exposed to the sunlight for a fortnight 
without any interruption, the actual temperature to which the 
soil is raised cannot be a high (me. The moon does not, like the 
earth, possess a warm blanket, in the sha])e of an atmosphere, 
whudi can keep in and accumulate the heat received. 

Even our largest telescjopes can tell nothing directly as to 
whether life can exist on the moon. The mammoth trees of 
Caliiornia might be growing on the lunar mountains, and 
elephants might be walking about on the plains, but our 
telescopes could not show them. The smallest object that 
we can sec on the moon must be about as large as a good- 
sized cathedral, so that organised beings resembling in size any 
that we are familiar with, if they existed, could not make 
themselves visible as telescopic objects. 

AVc are therefore compelled to resort to indirect evidence 
as to Avhethcr life would be possible on the moon. AVe may 
say at once that astronomers believe that life, as we know it, 
could not exist. Among the necessary conditions of life, water 
is one of the first. Take every form of V(\getable life, from 
the lichen which grows on the rock to the giant tree of the 
forest, and we find the substance of every plant contains water, 
and could not exist without it. Nor is water less necessary 
to the existence of animal life. Deprived of this element, 
all organic life, the life of man himself, would be inconceivable. 
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Unless, therefore, water be present in the moon, we shall 
bo hound to con(‘ludo that life, as Ave know it, is impossible. 
If anyone statioiK'd on the moon were to look at the earth 
through a tel(\s(‘()pe, would ho he able to see any Avater 
her(i ? jVlost undoubtedly he Avould. He would see the clouds 
and he would notice their incessant changes, and the clouds 
alone Avould b(i almost conclusive evidence ot the existence 
oT Avatei’. An astronouu'r on the moon would also see our 
o(a‘ans as coloured surfa(*.es, remarkably contrasted Avith the 
land, and hi', would ])crhaps freipuaitly see an image of the 
sun, like a brilliant star, ri'Heded from some smooth portion 
of tbo sea. In fact, considering that muidi more than half 
of our globe is (M)vered with oceans, and that most of the 
remainder is liable to be obscured by clouds, the lunar 
astronoirier in looking at our earth Avould often see hardly 
anything but Avater in one form or other. Very likely he Avould 
come to the conclusion that our globe Avas litted to be a resi- 
dence for only amphibious animals. 

Jhit AvhcTi Ave look at the moon Avith our telescopes Ave see 
no direi't lividence of Avater. Close inspiattion shows that the 
so-called lunar seas arc deserts, often marked Avith small 
craters and rodvs. The telescope )*eAX'als no seas and no 
oceans, no lakes and no rivers. Xor is the grandeur of the 
moon’s sciau'rv ever impairi'd by clouds over her surface. 
AVhenever the moon is aboA i; our horizon, and terrestrial clouds 
are out of the way, Ave can see the fi'alures of our satellite’s 
surfacn with distinctness. There are no clouds in the moon; 
there are not even the mists or the A^apours Avhich invariably 
arise Avherever Avater is present, and therefore astronomers have 
been led to the conclusion that the surfai'C of the globe Avhich 
attends the earth is a sterile and a waterless desert. 

Another essential element of organic life is also absent from 
the moon. Our globe is surrounded Avith a deep clothing of 
air resting on the surface, and extending above our heads to 
the height of about 200 or 300 miles. AVe need hardly say 
hoAv necessary air is to life, and therefore Ave turn Avith interest 
to the ipiestion as to Avhether the moon can be surrounded 
with an atmosphere. Let us clearly understand the problem 
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WO are about to consider. Imagine that a traveller started 
from the earth on a journey to the moon; as he ])roceeded, 
the air Avould gradually becjome more and more rarc‘tied, until 
at length, when he was a few hundred miles above the earth’s 
surface, he would liavo left the last perceptible traces of the 
earth’s envelope behind him. By the time he had passed 
completely through the atmosphere he would have advanced 
only a very small fraction of the whole journey of 289,000 
miles, and there would still remain a vast void to be traversed 
before the moon would be reached. If tlie moon were enveloped 
in the same way as the earth, then, as the travellci* approached 
the end of his journey, and came within a few hundred mihis 
of the moon’s surface, he would meet again with traces of an 
atmosphere, which would gradually increase in density until 
he arrived at the moon’s surface. The traveller would thus 
have passed through one stratum of air at the beginning of 
his journey, and tlu’ough another at the end, while the main 
portion of the voyage would have been through space more 
void than that to bo found in the exhausted receiver of an 
air-])ump. 

Such would bo the ease if the moon were coated with an 
atmosphere like that surrounding our earth. But Avhat are 
the facts ? The traveller as he drew near the moon would 
set;k in vain for ah* to breathe at all resembling ours. It is 
possible that (‘lose to the surface there are faint traces of 
some gaseous material surrounding the moon, but it can only 
be ecpial to a Aa?ry small frac^ticjual ])art of the ample clothing 
which the (\‘irtb now enjoys. For all pur])oses of respiration, 
as understand the term, we may say that there is no air 
on the mo( 3 n, and an inhabitant of our c^irtli transferred 
tluT(3to would bo as certainly sullbcated as he would be in 
the middle of space. 

It may, however, be asked ImAv we learn this. Is not air 
transparent, and how, therefore, could our telesco])es be expectcnl 
to show whether the m( 3 ( 3 ii irally po.s.s(\ssed such an (aivc'lope I 
It is by indirect, but thoroughly reliable, methods of obsca'va- 
tion that we learn the dc^stitute conditic^n of our satellite. 
There are various arguments to be adduced; but the most 
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conclusive is that obtained on the occurrence of what is called 
an “ occultation.” It sometimes happens that the moon comes 
directly between the earth and a star, and the temporary 
extinction of the latter is an “ occidtation.” We can observe 
the moment when the phenomenon takes place, and the 
suddenness of the disappearance of the star is generally re- 
marked. If the moon were enveloped iii a copious atmosphere, 
the interposition of this gaseous mass by the movement of 
the moon would produce a gradual evanescence of the star 
wholly wanting the abruptness which marks the obscuration.* 

Let us consider how we can account for the absence of 
an atmosphere from the moon. What we (jail a gas has been 
found by modern research to be a C(^l lection ot an iinmcnso 
number of molecul(\s, ea(;h of which is in exceedingly rapid 
motion. This motion is only pursued for a short distance in 
one direction before a molecule cjoines into collision with some 
other molecjule, whereby the directions and velocities of the 
individual molcHJulos arc continually (diangcd. There is a 
certain average speed for each gas whi(3h is peculiar to the 
molecides of that gas at a certain temperature. When several 
gases are mixed, as oxygen and nitrogen iirc in our atmo- 
sphere, the molecules of each gas continue to move with their 
own characteristic velocities. So far as we can estimate the 
t(anp(jrature at the boundary of the earth’s atmosphere, we may 
assume that the average of the velocities of the oxygen mole- 
cuh^s there found is about a c|uarter of a mile per second. The 
velocities for nitrogen are miudi the same, Avhile the average 
speed of a molecule of hydrogcin is about one mile per second, 
being, in fact, by far the greatest molecular velocity possessed 
by any gas. 

A stone thrown into the air soon regains the earth. A 
rifle bullet flrod vertically upwards Avill asccand higher and 
higher until at length its motion ceases, it begins to return, 
and falls to the ground. Let us for the moment suppose that 


* the duration, of an occultation, or, in other words, the length of time 
during which the moon hides the star, would he slightly shorter than the computed 
time, if the moon had an atmosphere capable of sensibly refracting the light from 
the star. But, so far, our observations do not indicate this with certainty. 
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we had a rifle of infinite strength and gunpowder of unlimited 
power. As we increase the charge we find that the bullet 
will ascend higher and higher, and eadi time it will take a 
longer period before it returns to the ground. The descent 
of the bullet is due to the attraction of the earth. Gravi- 
tation must necessarily act on the projectile throughout its 
(‘.areer, and it gradually lessens the velocity, overc'omes the 
upward motion, and brings the bullet hack. It must be 
remembered that the efficiency of the attraction decreases 
when the height is iiKjreased. (kmseciuently when the body 
liiis a prodigiously great initial velocity, in consecpience of 
which it ascends to an enormous height, its return is retarded 
by a twofold cause. In the first ])lace, the distance through 
which it has to be recalled is greatly increased, and in the 
second place the efficiency of gravitation in eflecting its recall 
has decreased. The greater the velocity, the feebler must bo 
the capacity of gravitation for bringing back the body.* Wo 
can conceive the speed to bo increased to that ))oint at which 
the gravitation, constantly declining as the body ascends, is 
never quite able to neutralise the velocity, and hence we have 
the remarkable case of a body ])roje(ded away never to return. 

It is ])Ossible to exhibit this reasoning in a, nunu'rical 
form, and to show that a velocity of about seven miles a second 
directed upwards would suffice to convey a body entirely away 
from the gravitation of the earth. This S 2 )eed is far beyond 
the utmost limits of our artillery. It is, indeed, at least a 
dozen times as swift as a cannon shot; and even if we could 
produce it, the resistance of the air would j^resent an insuper- 
able difficulty. Such reflections, however, do not atVect the 
conclusion that there is for each jilanet a certain specific 
velocity appropriate to that body, and depending solely upon 
its size and mass, with Avhich we should have to discharge a 
projectile, in order to |3rcvent the attraction of that body from 
pulling the projectile back again. 

It is a simple matter of calculation to determine this 
“critical velocity’* for any celestial body. The greater the 
body the greater in general must be the initial speed which 
would enable the projectile to escape from the globe from 



104 


THE STORY OF THE TTEAVEXS. 


which it has been dischai'ged. As we have already indicated, 
this speed is about seven miles per second on the earth. It 
would be three on the planet Mercury, three and a half on 
Mars, twenty-two on Saturn, and thirty-seven on Jupiter; 
while for a missile to depart from the sun without prospect 
of return, it must leave the brilliant surface at a speed not 
less than ;101 miles per second. 

Supposiii”* that a (piantity of free hydrogen was present 
in our atm()S])here, its molecules would move with an average 
velocity of about one mile per second. It would occasionally 
ha])])cn by a coinbination of circumstances that a molecule 
would attain a speed whii'h exceeded seven miles a second. 
If this happened on the coniines of the atmosphere where 
it cs(*a])ed collision with other molecules, the latter object 
would by off into space, and would not be recaptured by the 
earth, Jly incessant repetitions of this pro(‘ess, in the course 
of countless ages, all the mole(*ules of hydrogen gas would 
csca ])0 from the earth, and in this manner we may explain 
the fact that there is no free hydrogen present in the earth's 
atmosphere.* 

The velocities which can be attained by the molecules of 
gases other Ihiin hydrogen are far too small to permit of their 
esca])e from the attraction of the earth. We therefore find 
oxyg(ai, nitrogen, water vapour, and carboit dioxide remaining 
as permanent components of our air. On the other hand, the 
enormous mass of the sun makes the “critical velocity” at 
the surfaces of that body to be so great (801 miles per second) 
that not even the molecules of hydrogen can possibly emulate 
it. Oonsecpiently, as we have seen, hydrogen is a most im- 
portant component of the suiTs atmospheric envelope. 

If we now ap])ly this reasoning to the moon, the critical 
velocity is found by calculation to be only a mile and a half 
per se(^ond. This seems to be well within the maximun* 
velocities attainable by the molecules of oxygen, nitrogen, and 
other gases. It therefore follows that none of these gases 

* I owe niy knowledi^o of this subject to Dr. G. Johnstone Stoney, F.R.S. 
There ha.s been some controversy as to who originated the ingenious and instruc- 
tive doctrine here sketched. 
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could remain permanently to form an atmosphere at the surface 
of so small a body as the moon. This seems to be the reason 
why ttere are no present traces of any distinct gaseous sur- 
roundings to our satellite. 

The absence of air and of water from the moon explains 
the sublime ruggedness of the lunar scenery. We know that 
on the earth the action of wind and of rain, of frost and of 
snow, is constantly tending to wear down our mountains and 
reduce their asperities. No sucli agents arc at work on the 
moon. Volcanoes sculptured the surlace into its ])rcscnt 
condition, and, though they have ceased to operate for ages, 
the traces of their handiwork seem nearly as fresh to-day as 
they were when the mighty fires were extinguished. 

“ The cloud-capped towers, the gorgeous palaces, the solemn 
temples'* have but a brief career on earth. It is chiefly the 
iiK.'Cssant action of water and of air that makes them A^•lnish 
like the “ baseless fabric of a vision.” On the moon these 
causes of disintegration and of decay are all absent, though 
perhaps the changes of teinpcraturci in the transition from 
lunar day to lunar night would be attended with expansions 
and contractions that might compensate in some slight degree 
for the absence of more potent agcuits of dissolution. 

It seems probable that a building on the moon would remain 
for century after century just as it was left by the builders. 
There need be no glass in the windows, for there is no wind and 
no rain to keep out. There need not be fireplaces in the rooms, 
for fuel cannot burn without air. Dwellers in a lunar city would 
iind that no dust could rise, no odours be perceived, no sounds 
be heard. 

iMan is a creature adapted for life under circumstances which 
arc very narrowly limited. A few degrees of temperature more 
or less, a slight variation in the composition of air, the precise 
suitability of food, make all the difference between health and 
sickness, between life and death. Looking beyond the moon, 
into the length and breadth of the universe, we find countless 
celestial globes with every conceivable variety of temperature 
and of constitution. Amid this vast number of worlds with 
which space is tenanted, are there any inhabited by living 
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beings ? To this great question science can make no response : 
we cannot tell. Yet it is impossible to resist a conjecture. We 
find our earth teeining with life in every part. We find life 
under the most varied conditions that can be conceived. It 
is met with under the burning heat of the tropics and in the 
everlasting frost at the poles. We find life in caves where 
not a ray of light ever penetrates. Nor is it wanting in the 
depths of the ocean, at the pressure of tons on the square inch. 
Whatever may be the external circumstances, Nature generally 
provides some form of life to which those circumstances are 
congenial. 

It is not at all probable that among the million spheres of 
the universe there is a single one exactly like our earth — like 
it in the possession of air and of water, like it in size and in 
composition. It docs not seem probable that a man could 
live for one hour on any body in the universe except the 
earth, or that an oak-tree could live in any other sphere for 
a single season. Men can dwell on the earth, and oak-trees 
can thrive therein, because the constitutions of the man and 
of the oak are specially adapted to the particular circum- 
stances of the earth. 

(Jould we obtain a closer view of some of the celestial bodies, 
we should probably find that they, too, teem with life, but with 
life specially adapted to the environment — life in forms strange 
and weird ; life far stranger to us than Columbus found it to bo 
in the New World Avhen he first landed there. Life, it may be, 
stranger than ever Dante described or Dore sketched. Intelli- 
gence may also have a home among those spheres no less than 
on the earth. There are globes greater and globes less — atmo- 
spheres greater and atmospheres less. The truest philosophy 
on this subject is crystallised in the language of Tennyson: — 

“ This trutli within thy mind rehearse, 

That ill a boundless universe 
Is boundless better, boundless worse. 

“ Tliink you this mould of hopes and fears 

, Could find no statelier than his xieers 
In yonder hundred million spheres ? ” 
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CHAPTER IV. 

THE SOLAR SYSTEM. 

Exceptional Importance of the Sun and Moon — The Course to be pursued — The 
Order of Distance — The Neighbouring Orbs — IIow are they to ho discrimi- 
nated? — The Planets Venus and Jupiter attract Notice by their Hrilliancy — 
Sirius not a Neighbour — The Planets Saturn and Mercury — Telescopic Planets 
— The Criterion as to whether a Body is to he ranked as a Neighbour — IMeaning 
of the word rianrt — Uranus and Neptune — Comets — The Planets are illumi- 
nated by the Sun — The Stars are not — The Earth is really a Planet- -'I'he Four 
Inner Planets, IMercury, Venus, the E;irth, and Mars — Velocity of the Earth — 
The Outer Planets, Jupiter, Saturn, Uranus, Neptune — Liglit and Heat 
received by the Planets from the Sun — (’omparativo Sizes of the Planets— 
— The Minor Planets — The Planets all revolve in the same Direction — The 
Solar System — An Island Oroiip in Space. 

In the two preceding chapters of this work we have endeavoured 
to describe the heavenly bodies in tlie order of their relative 
importance to mankind. Could we doubt for a moment as to 
which of the many orbs in the universe should be the first to 
receive our attention ^ AVe do not mnv allude In the intrinsic 
significance of the sun when compared with other bodies or 
groups of bodies scattered through space. It may be that 
numerous globes rival the sun in real splendour, in bulk, 
and in mass. We shall, in fact, show later on in this volume 
that this is the case; and we shall then be in a position to 
indicate the true rank of the sun amid the countless hosts 
of heaven. But whatever may bo the importance of the sun, 
viewed merely as one of the bodies which teem through 
space, there can be no hesitation in asserting how immeasur- 
ably his influence on the earth surpasses that of all other 
bodies in the universe together. It was therefore natural — 
indeed inevitable — that our tirst examination of tlie orbs of 
heaven should be directed to that mighty body which is the 
source of our life itself. 

Nor could there be much hesitation as to the second step 
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whicli ought to be taken. The intrinsic importance of the 
moon, when compared with other celestial bodies, may be 
small ; it is, indeed, as we shall afterwards see, almost infini- 
tesimal. But in tlic economy of our earth the moon Inxs 
played, and still plays, a part second only in importance to 
that of the sun himself. The moon is so close to us that 
her brilliant rays pale to invisibility countless orbs of a size 
and an intrinsic splendour incomparably greater than her 
own. The moon also occupies an exceptional position in the 
history of astronomy; for the law of gravitation, the greatest 
discovery that science has yet Avitnessed, Avas chiefly accom- 
plished by observations of the moon. It Avas therefore natural 
that an early cha])ter in our Story of the Heavens should be 
devoted to a bod}^ the interest of Avhich approximated so 
closely to that of tlie sun himself. 

But the sun and the moon having been partly described 
(avc shall afterwards have to refer to them again), some hesita- 
tion is natural in the choice of the next step. The tAvo great 
luminaries being abstracted from our vieAv, there remains no 
other celestial body of sm^h exceptional interest and signifi- 
cance as to make it quite clear Avhat course to pursue if Ave 
desire to unfold the story of the heavens in the most natural 
manner. If avc made the attempt to describe the celestial 
bodies in the order of their actual magnitude, our ignorance 
must at once pronounce the task to be impossible. We can- 
not ev(‘n make a conjecture as to which body in the heavens 
is to stand first on the list. Ea^cii if that mightiest body be 
Avithin reach of our telescopes (in itself a highly improbable 
supposition), we lia\^c not the least idea in Avhat part of the 
heavens it is to be sought. And even if this Avero possible — 
if Ave AVi‘re able to arrange all the visible bodies rank by 
rank in the order of their magnitude and their splendour — 
still the scheme Avould be imjjracticable, for of most of them 
Avo know little or nothing. 

We arc therefore compelled to adopt a different method of 
procedure, and the simplest, as avcII as the most natural, Avill 
be to follow as far as possible the order of distance of the 
different bodies. We have already spoken of the moon as 
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tlio nearest neighbour to the eartli ; we shall next consider 
some of the other celestial bodies which are (iomparativcly 
near to us; then, as the subject unfolds, we shall discuss the 
objects further and further away, until towards the close of 
the volume we shall be engaged in considering the most 
distant bodies in the universe which the telescope has yet 
revealed to us. 

Even when we have decided on this prineii)le, our course 
is still not free from ambiguity. Many of the bodies in the 
heavens arc in motion, so tliat their relative distances from 
the earth are in continual (ihange ; this is, liowc'ver, a difh- 
culty which need not detain us. We shall make no attempt 
to adhere closely to the principle in all details. It will bo 
sufficient if we first describe those bodies — not relatively a very 
numerous class — which are, comi^arativcly speaking, in our 
vicinity, though of very varied distances ; and then we shall 
l)ass on to the uncounted bodies which arc separated from 
us by distances so vast that the imagination is baffled in the 
attempt to realise them. 

Let us, then, scan the heavens to discover those orbs 
which lie in our neighbourhood. The sun has set, the moon 
has not risen; a cloudless sky discloses a heaven glittering 
with countless gems of light. Some are grouped together 
into well-marked constellations; others seem scjattered pro- 
miscuously, with every degree of lustre, from the very 
brightest doAvn to the faintest point that the eye can just 
glimpse. Amid all this host of objects, how are we to 
identify those which lie nearest to the earth ? Look to the 
west; and there, over the spot where the departing sun- 
beams still linger, we often see the lovely evening star shining 
forth. This is the planet Venus — a beauteous orb, twin- 
sister to the earth. The brilliancy of this planet, its rapid 
changes both in position and in lustre, would suggest 
at once that it was nearer to the earth than most other 
star-like objects. This presumption has been amply con- 
firmed by careful measureinents, and therefore Venus is to 
be included in the list of the orbs Avhich constitute our 
neighbours. 
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Another conspicuous planet — almost rivalling Venus in 
lustre, and vastly surpassing Venus in the magnificence of 
its proportions and its retinue — has borne from antiquity 
the majestic name of Jupiter. No doubt JupitOr is much 
more distant from us than Venus. Indeed, he is always at 
least twice as far, and sometimes as much as ten times. But 
still we must include Jupiter among our neighbours. Com- 
pared with the host of stars which glitter on the heavens, 
Jupiter must be regarded as quite contiguous. T\\g distance 
of the great planet requires, it is true, hundreds of millions 
of miles for its expression ; yet, vast as is that distance, it 
would have t(j be multiplied by tens of thousands, or 
hundreds of thousands, before it would be long enough to 
span the ahyss which intervenes between the earth and the 
nearest of the stars. 

V(‘nus and Jupiter have invited our attention by their 
exceptional brilliancy. We should, however, tall into error 
if we assumed generally that the brightest objects Avere 
those) nearest to the earth. An observer unacquainted Avith 
astronomy might not improbably point to the Dog Star — 
or Sirius, as astronomers more generally knoAV it — as an 
object Avhose exceptional lustre shoAved it to be one of our 
neighbours. This, hoAA^ever, Avould be a mistake. AVe shall 
afterAvards luwe occasion to refer more particularly to this 
gem of our southern skies, and then it Avill appear that 
Sirius is a mighty globe tar transcending our oAvn sun in 
size as Avell as in sphaidour, but plunged into the depths of 
space to such an appalling distance that his enfeebled rays, 
when they reach the eailh, give us the impression, not of a 
mighty sun, but only of a brilliant star. 

Ihe principle ot selection, by Avhich the earth's neighbours 
can be discriminated, Avill J)c explained presently; in the 
meantime, it Avill be sufficient to obserA^c that our list is to 
be augmented first by the addition of the unique object 
knoAvn as Saturn, though its brightness is far surpassed by 
that of birius, as Avell as by a fcAv other stars. Then Ave add 
Mars, an object Avhich occasionally a2)proaehes so close to 
the earth that it shines with a fiery radiance Avhich Avould 
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liardly prepare us for the truth that this planet is intrin- 
sically one of the smallest of the celestial bodies. Besides 
(he objects we have mentioned, the ancient astronomers had 
detected a fifth, known as Mercury — a planet which is usually 
invisible amid the light surrounding the sun. Mercury, 
however, occasionally wanders far enough from our luminary 
to be seen before sunrise or after sunset. These five — Mer- 
cury, Venus, Mars, Jupiter, and Saturn — comprised the 
planets known from remote antiquity. 

We can, however, now extend the list considerably further 
hy adding to it the telescopic objects which have in modern 
times been found to be among our neighbours. Hero we 
must no longer postpone the introduction of the criterion by 
which we can detect whether a body is near the earth or not. 
The brighter planets can be recognised by the steady radiance 
of their light as contrasted with the incessant twinkling of 
the stars. A little attention devoted to anypf the bodies we 
have named will, however, point out a more definite contrast 
hetwecai the planets and the stars. 

Observe, for instance, Jupiter, on any clear night when ibio 
heavens can be well seen, and note his position with regard 
to the constellations in his neighbourhood — how ho is to the 
right of this star, or to the left of that; directly between this 
])iur, or directly pointed to by that. We then mark down 
the place of Jupiter on a celestial map, or we make a sketch 
of the stars in the neighbourhood showing the position of the 
planet. After a month or two, when the observations arc 
vi^pcated, the place of Jupiter is to be compared again with 
those stars by which it was defined. It will be found that, 
while the stars have preserved their relative positions, the 
place of Jupiter has changed. Hence this body is with 
l)ropriety called a ijlanet, or a wanderer, because it is in- 
cessantly moving from one part of the starry heavens to 
another. By similar comparisons it can be shown that the other 
Inxlies wc have mentioned — Venus and Mercury, Saturn and 
Mars — are also wanderers, and belong to that group of heavenly 
I'odies known as planets. Here, then, we have the simple 
criterion by which the earth’s neighbours are readily to bo 
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discriminated from the stars. Each of the bodies near the 
earth is a planet, or a wanderer, and the mere fact that a 
body is a wanderer is alone sufficient to prove it to be one of 
the class which we are now studying. 

Trovided with this test, we can at once make an addition 
to our list of neighbours. Amid the myriad orbs which the 
telesco[)o reveals, wo occasionally find one which is a Avaiiderer. 
Two other inighty planets, known as Uranus and Neptune, 
must thus be added to the live already mentioned, making 
in all a group of seven great- ^ vastly greater 

numher may also be reckoned when we admit to our view 
bodies which , not only seem to be minute telescopic objects, 
but really are small globes when compared with the mighty 
bulk of our earth. These lesser planets, to the number of 
about five hundred, are also among the earth's neighbours. 

c should remark that another class of heavenly bodies 
widely differing from the planets must also be included in our 
system. These are the cornets, and, indeed, it may happen 
that one of these erratic bodies will sometimes draw nearer 
to the earth than even the closest approach ever made by a 
])lanet. These mysterious visitors will necessarily engage a 
good deal of our attention later on. For the present we confine 
our attention to those more substantial globes, whether large 
or small, Avhich are always termed planets. 

Imagine for a moment that some opaque covering could 
be clasped around our sun so that all his beams were extin- 
guished. That our earth would be plunged into the darkness 
of midnight is of course an obvious consequence. A moment's 
consideration will show that the moon, shining as it does by 
the reflecited rays of the sun, would become totally invisible. 
But would this oxtim^tion of the sunlight have any other 
effect ? \\ ould it influence the countless brilliant points 
that stud the heavens at midnight ? Such an obscuration of 
the sun would indeed produce a remarkable effect on the sky 
at night, which a little attention would disclose. The stars, 
no doubt, would not exhibit the slightest change in brilliancy. 
Each star shines by its own light and is not indebted to the 
sun. The constellations would thus twinkle on as before, 
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blit a wonderful change would come over the planets. Were 
the sun to be obscured, the planets wouhl also disappear from 
view. The midnight sky would thus experieneo the effnee- 
ineiil- of the planets one by one, while the stars would 
remain unaltered. It may seem difficult to realise how the 
brilliancy of Venus or the lustre of Jupiter have their origin 
solely in the beams which tall upon these bodies from the 
distant sun. The evidence is, however, conclusive on the 
(piostion; and it will be placed before the reader more fully 
when we come to discuss the several planets in detail. 

Suppose that wo are looking at Jupiter high in mid- 
heavens on a winter’s night, it might be contended that, as 
the earth lies between Jupiter and the sun, it must be impos- 
sible for the rays of the sun to tidl upon the planet. This 
is, perhaps, not an unnatural view for an inhabitant of this 
earth to adopt until ho has be(M.)me ae(|uainted with the 
relative sizes of the various bodies coiujerned, and with 
the distances by which those bodies are sei)arated. But 
the (juestion would appear in a widely ditferent form to an 
inhabitant of the planet Ju])iter. If such a being were asked 
wluithor he suffered much inc-onvenience by the intrusion of 
the earth between himself and the sun, his answer would be 
something of this kind : — ‘‘ No doubt such an event, as the 
passage of the earth between me and the sun is possible, and 
liMs occurred on rare occasions separated by long intervals; 
but so far from the transit being the cause of any incon- 
venience, the whole earth, of which you think vso much, is 
really so minute, that when it did come in front of the sun 
it was merely seen as a small telescopic point, and the 
amount of sunlight which it intercepted was cpiite inap- 
preciable.” 

The fact that the planets shine by the sun’s light points at 
Clue to the similarity between them and our earth. We are 
tin IS led to regard our sun as a central fervid globe associated 
with a number of much smaller bodies, each of which, being 
<lark itself, is indebted to the sun both for light and for heat. 

That was, indeed, a grand step in astronomy which demon- 
strated the nature of the solar system. The discovery that our 

I 
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earth must be a globe isolated in space was in itself a mighty 
exertion of human int(‘llect; hut when it came to be recognised 
that this glo])e was but one of a whole grou]) of similar objects, 
some smaller, no doubt, but others very much larger, and when 
it was furtlier ascertained that these bodies were su])ordinated 
to the supreme control of the sun, wo have a chain of 
discoveries that Avrought. a fundamental transformation in 
human knowledge. 

We thus see that the sun presides over a numerous family. 
The Jiiembcrs of that hxmily arc dependent upon the sun, and 
their dimensions are suitably proportioned to their subordinate 
position. Even Ju])iter, the lai’gest member of that family, 
does not contain one-thousandth part of the material which 
forms the vast l.)ulk of the sun. Yet the bulk of Jupiter alone 
Avould exceed that of the rest of the planets were they all rolled 
together. 

Around the central luminary in Fig. 81 we have drawn four 
circles in dotted lines which sutKciently illustrate the orbits 
in which the ditterent bodies move. The innermost of these four 
paths represents the orbit of the planet Mercury. The planet 
moves around the sun in this path, and regains the ])lace from 
which it started in eighty-eight days. 

The next orbit, proceeding outwards from the sun, is that of 
the planet \"enus, Avhich Ave haA'C already referred to as the Avell- 
knoAvn Evening Star. Venus completes the circuit of its path 
in 225 days. One step further from the sun and avc come to the 
orbit of another planet. Tliis body is almost the same size as 
\ euus, and is there lore much larger than Mercury. The j Janet, 
now under consideration accomplishes each revolution in 
days. This period sounds familiar to our ears. It is the length 
of the }'ear; and the planet is the earth on which avc stand. 
There is an impress! a'C Avay in Avhich to realise the length of the 
road along an Inch the earth has to travel in eacJi annual journey. 
The circumference of a circle is about three and one-seventh 
times the diameter of the same figure; so that taking the 
distance from the earth to the centre of the sun as 92,000,()0t> 
miles, the diameter of the circle Avhich the earth describes 
around the sun Avill be 185,800,000 miles, and consequently 
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the circumference of the miolit}" circle in which the earth moves 
round the sun is fully 583,000,000 miles. The earth has to 
travel this distance eveiy year. It is merely a sum in division 
to tind how far we have to move each second in order to a(*(a)ni- 
|)lish this long journey in a twelvemonth. It will a))pear that 
the earth must actually complete eighteen miles every second, 


Mars . 


\ 


t^Earth 


/Venus#> Mercury \ 


Sun 

asdavs 
^25 days 
365 days 


687 days 

Fi*;. 31. — The Orbits of the Four Interior PJauets. 


as otherwise it would not linish its journey within tlie allotted 
time. 

I’aiise for a moment to think what a velocity of eighteen 
niiles a second really implies. Can we realise a speed so tre- 
oiondous ? Let us compare it with our ordinary ty])es of 
rapid movement. Look at that express train how it crashes 
niider the bridge, how, in another moment, it is lost to 
view! Can any velocity be greater than that? Let us try 
it hy jigures. The train moves a mile a minute; multiply 
that velocity by eighteen and it becomes eighteen niiles a 
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minute, but avo must further multiply it by sixty to make 
it eighteen miles a seamiJ. 'fhe velocity of the express train 
is not oven the thousandth part of the velocity of the earth. 
Lot us take another illustration. Wo stand at the rifle ranges 
to SCO a rifle fired at a target 1,000 feet aAvay, and we find 
that a second or tAvo is sufficient to carry the bullet over that 
distance. The earth mov'cs ne.arly one hundred time.® as fast 
as the rifle bullet. ' 

VicAved in another Avay, the stupendous speed of the earth 
does not seem immoderate. The earth is a mighty globe, 
so great indeed that even Avhen moving at this speed it 
takes almost eight minutes to pass over its oAvn diameter. 

- O 

Fig. 32.— Tho Earth’s Movement. 



An Atlantic liner, 750 feet long, and making 17 miles an hour, 
would advance its own length through the ocean in about half a 
minute. To illustrate this method of considering the subject, 
wc show hero a view of the progress made by the earth 
(Fig. 32). The distance between the centres of these circles 
is about six times the diameter ; and, accordingly, if they 
be taken to represent the earth, the time required to pass 
Irom one position to the other is about forty-eight minutes. 

Outside tho 23ath of the earth, we come to the orbit of 
the fourth jdaiiet. Mars, which requires 087 days, or nearly 
two years, to comj^lete its circuit round the sun. With our 
arrival at Mars we have gained the limit to the inner portion 
of the solar system. 

The lour planets avc have mentioned form a grou {3 in 
themselves, distinguished by their comparative nearness to 
the sun. They are all bodies of moderate dimensions. Venus 
and the Earth arc globes of about the same size. Mercury 
and ifars are both smaller objects which lie, so far as bulk 
is concerned, between the earth and the moon. The four 
planets Avhich come nearest to the sun are vastly surpassed 
in bulk and weight by the giant bodies of our system 
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— the stately group of Jupiter and Saturn, Uranus and 
Neptune. 

These giant planets enjoy the sun’s guidance equally with 
their weaker brethren. In the diagram on this j)agc (Fig. 33) 
parts of the orbits of the great outer planets are represented. 
The sun, as before, presides at the centre, but the inner 


^.-''■•^Neptune 





Uranus 


^Saturn 

Jupiter.^ 

/ e, V \ 

Mars \ 

Fig. 33. — The Orbits of the Four Giant Planets. 

jJanets would on this scale be so close to the sun that it 
is only j^ossible to represent the orbit of ilars. After the 
orbit of Mars comes a considerable interval, not, however, 
devoid of planetary activity, and then follow the orbits of 
'hipiter and Saturn; further still, Ave have Uranus, a great 
globe on the verge of unassisted vision ; and, lastly, the whole 
f^ystein is bounded by the grand orbit of Neptune — a planet 
ol which we shall have a marvellous story to narrate. 

The A'arious circles in Fig. 34 show the apparent sizes 
the sun as seen from the difterent planets. 'Taking the 
circle corresponding to the earth to rcprcscnl. the amount 
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of heat and light Avhich the earth derives from the sun 
then the other circles indicate the heat and the light enjoyed 
by the corresponding planets. The next outer planet to the 


From MERCURY. 



Fiji,'. 3r~r(»mi)<'irativc Ai)parent Size of the Sun as seen from tlie Various Planets. 

earth is ^lars, whose share of solar blessings is not so very 
inferior to that of the earth ; but we fail to see how bodies 
so remote as Jupiter or Saturn can enjoy climates at all 
comparable with those of the ^^lanets which are more favour- 
ably situated. 

Fig. 35 shows a picture of the whole family of planets 
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surrounding the sun — represented on the same scale, so as to 
(‘xhibit their coiriparative sizes. Measured l)y bulk, Ju])iter is 
more than 1,2()() times as great as tlie earth, so that it would 
take at least 1,200 earths rolled into one to tbrm a globe 



G([Ual to the globe of Jupiter. Measured by weiglit, tlie dis- 
parity between the earth and Ju])itor, though still enormous, 
IS not ([uite so great ; but this is a matter to be discussed 
more tully in a later chapter. 

iiven in this preliminary survey of the solar sj^stem we 
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iinist not omit to refer to the planets which attract our 
attention, not by their bulk, but by their multitude. In 
the ample zone bounded on the inside by the orbit of 
Mars and on the outside by the orl)it of Jupiter it 
was thought at one time that no planet revolved. Modern 
research has shown that this region is tenanted, not by one 
planet, but by hundreds. The discovery of these planets is 
a charge which has been undertaken by vaiiious diligent 
astronomers of the present day, while the discussion of their 
movements affords labour to other men of science. We shall 
find something to learn from the study of these tiny bodies, 
and especially from another small planet called Eros, which 
lies nearer to the earth than the limit above indicated. A 
cha])ter will be devoted to these objects. 

But we do not propose to enter deeply into the mere 
statistics of the planetary system at present, ^\"crc such our 
intention, the tables at the end of the volume would show 
that ample materials are available. Asti'onomers have taken 
an inventory of each of the planets. I'hey liave measured 
their distances, the shapes of their orbits and the positions 
of those orbits, their times of revolution, and, in the case of 
all the larger planets, their sizes and their weights. Siudi 
results are of interest for many purposes. It is, however, 
the more general features of the science which at present 
claim our attention. 

Let us, ill conclusion, note one or two important truths 
with reference to our planetary system. We have seen that 
all the planets revolve in nearly circular paths around the 
sun. A\'e have now to add another fact possessing much 
significance. Each of the planets pursues its path in the 
same direction. It thus happens that one such body may 
overtake another, but it can never hapjien that two planets 
pass by each other as do the trains on adjacent lines of 
railway. We shall subsequently find that the whole welfare 
of our system, nay, its continuous e.xistencc, is dependent 
upon this renfarkable uniformity taken in conjunction with 
other features of the system. 

Such is our solar system ; a mighty organised group of 
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planets circulating under the control of the sun, and com- 
pletely isolated from all external interference. No star, no 
constellation, has any appreciable influence on our solar 
system. We constitute a little island grouj), separated from 
tlic nearest stars by the most amazing distances. It may 
be that as the other stars are suns, so they too may have 
systems of planets circulating around them ; but of this we 
know nothing. Of the stars we can only say that they 
appear to us as ])oints of light, and any planets they may 
possess must for ever remain invisible to us, even if they 
were many times larger than Jupiter. 

Wc need not repine at this limitation to our possible 
knowledge, for just as wc find in the solar system all that 
is necessary for our daily bodily wants, so shall we find 
ample occupation for whatever faculties we may possess in 
endeavouring to understand those mysteries of the heavens 
which lie within our reach. 



CHAPTER V. 


THE LAW OE (ilLVVn'ATIoy. 

Gravitsitlon— 'riu' Fulling- of a. Stone to tli«‘ (Tiound — All Bodies fall equally, 
Sixtrrii I’ert in :i Second— Is this true at (Iroat I I(‘iy;lits r* — Fall of a Body at 
a Jh i^ht of a (Inarter of a Million ^Mih s How Newton obtained an Answer 
tram tlie Moon — His Great Discovery — Stateirent of IIk; Law of Gravitation — 
Jllustratiotis of the Law How is it that all the Bodies in tlu' Lniversi; do 
not rush l\)j>;etli('r r — The Klfect of ^Motion— How a Gircnlar Path can bo 
prodiiLM'd by Attraction— General Account of the Moon’s Motion— Is Gravita- 
tion a Force of Great Intensity!" Two M'cii»lits of of) lbs Two Iron Glulx's, 
Yards in Diameter, and a. Mil<5 apart, attr.ict with a Force of 1 lb — 
Cliar.'ieteiidics of (Jravitation — ( )rbits of the Planets not strictly Circhs The 
Discoveries of Kepler — Construction of an Lllipse — Ket)ler‘s First Law — 
Does a I’laiiet move Fniformly h — Law of the Changes of Velocity Kepler’s 
Second Law — The Kelatioii between the Distances and the Periodic Times— 
Keplers 'riiird Law — Kepler's Laws and the Law of (fravitation Movement 
in a Slr-iight Line — A Body unacted on by Disturbing Forces would move in 
a Straight Line with Constant Velocity -Ai'»pli<ation to the Karth and tlie 
Planets -'riie Law of (Jravitation deduced from Kepler’s Laws - rniv(.‘r.s:il 
Giavit.ition. 

Ouu (lt‘S('d’ij)ti()n oT the heavenly bodies must uudert»‘o ti slight 
inteiTii|)tioii, while we illustrate with appropriate detail an 
iuiporttiiit principle, known as the htw of gravittition, Avhich 
underlies the whole of astronomy. By this law wc can expltiiii 
the movements of the moon around the earth, and of the 
])hinets around the sun. Tt is ae.eordiiig’ly inenmbeiit upon 
ns to disenss this subject before wc proceed to the more 
partienlar Jiet'oniit of the separate ])lan(‘ts. We shall find, 
too, that the law of g^ravitatioii sheds some nmcli-needed ligdit 
on the nature of the stars situated at the remotest distances 
in spaiic. It also enables ns to cast a glance through the 
vistas ot* time past, and to trace with plausibility, if not Avith 
certainty, certain early phases in the history of our system. 
The sim and tfic moon, the planets and the comets, the stars 
and the nebuke, all alike are subject to this universal law, 
which is now to engage our attention. 
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AVhat is more fiimillar than the foot that wlicn a stone is 
(lro})])C(l it will fall to the i^n*ound ? No one at hist thinks 
the matter even worthy of remark. People are often snr])rised 
;it seein<( a piece of iron drawn to a magnet. Yet the fall 
(){■ a stone to the ground is the manifestation of a fonte ([uite 

:is iiiter(‘sting as the force of magnetism. It is the earth 

whicli draws the stone, just as the magnet draws the iron. 
In each case tlie force is one of attraction; but while the 
iiiagnetic attraction is contined to a tew substances, and is of 
(•om])jiratively limited importance, the attraction of gravitation 
is significant tliroughout the universe. 

Let us commeiK^e witli a few very simple experiments 
n])on the force of gravitation. Hold in the liand a small 
piei'c of lead, and then allow it to dro]) upon a cushion. Tlic 

lead re(]uir('s a certain time to move from the fingers to the 

ciisinon, but that time is always the same wlien the height 
is the same. Take now a larger piece of lead, and hold one 
[iiec(‘ in ea(di hand at the same lu'ight. If both are released 
at the same moment, they will both reach the cushion simul- 
taiicoiisly. It might have been thought tliat the heavy body 
would tall more (|ui(d<ly than the light body; but when the 
experiment is tried, it is seen tliar this is not the case. I{e])eat 
tlie cxperinu'nt with various other substances. An ordinary 
marble Avill lui found to fall in the same time as the ])iece 
of lead. With a piei'c of cork we again try the exi)eriment, 
and again obtain the same result. At first it seems to fail 
wlu'u we compare a feather with tlie ])iece of lead: but tliat 
is solely on aciamnt of the air, which resists the featluu* more 
tlian it resists the lead. If, however, the feather be placed 
upon the top of a penny, and the penny be horizontal when 
dropped, it will clear the air out of the way of the feather in 
ils descent, and then the feather will flxll as quickly as the 
penny, as quickly as the marble, or as (piickly as the load. 

It the observer were in a gallery when trying these experi- 
nients, and if the cushion were sixteen feet below his hands, 
dien the time the marble would take to fall through the 
sixteen feet would bo one second. The time occupied by the 
’ ‘‘A or by the lead would be the same; and even the feather 
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itself would fall through sixteen feet in one second, if it could 
be screened from the interference of the air. Try this experi- 
ment where we like, in London, or in any other city, in any 
island or continent, on board a ship at sea, at the North 
Pole, or the South Pole, or the equator, it will always bt‘ 
found that any body, of any size or any material, will fall 
about sixteen feet in one second of time. 

Lest any erroneous impression should arise, Ave may just 
mention that the distance traversed in one second does vary 
slightly at different parts of the earth, but from causes which 
need not at this nioment detain us. We shall for the present 
regard sixteen feet as the distance through which any body, 
free from interference, would fall in one second at any part 
of the earth’s surface. But now let us extend our view 
above the earth’s surface, and enquire how far this law of 
sixteen feet in a second may find obedience elseAvhere. Let 
us, for instance, ascend to the top of a mountain and try 
the experiment there. It Avould be found that at the top 
of the mountain a marble Avould take a little longer to fall 
through sixteen feet than the same marble would if let 
fall at its btise. The difference would be very small; but 
yet it would be measurable, and would suffice to show that 
the power of the earth to pull the marble to the ground be- 
comes somewhat weakened at a point high above the earth’s 
surface. Whatever be the elevation to which we ascend, be 
it cither the top of a high mountain, or the still greater 
altitudes that have been reached in balloon ascents, we shall 
never hnd that the tendency of bodies to fall to the ground 
ceases, though no doubt the higher we go the more is that 
tendency Aveakened. It Avould be of great interest to find 
how tar this power of the earth to draw bodies towards it 
can really extend. We cannot attain more than about iiv(‘ 
or six miles aboA^e the earth’s surface in a balloon; yet avo 
want to know what A\T)uld happen if Ave could ascend 500 
miles, or 5,000 miles, or still further, into the rei^ions ot 
spac(\ 

ConcciA^e that a traA^eller Avere endowed with some means 
of soaring aloft for miles and thousands of miles, still up 
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and up, until at length he had attained the awful height 
of nearly a quarter of a million of miles above the ground, 
(dancing down at the surface of that earth, which is at 
such a stupendous depth beneath, he would be able to see 
a Avonderful bird’s-eye vieAv. Ho Avould lose, no doubt, the 
details of towns and villages; the features in such a land- 
scape Avould be Avhole continents and whole oceans, in so 
jiir as the openings betAveen the clouds Avould permit the 
earth’s surfixee to be exposed. 

At this stupendous elevation he could try one of the 
most interesting experiments that Avas ever in the poAver of 
a philosopher. He could test Avhether the earth’s attraction 
Avas felt at such a height, and he could measure the amount 
of that attraction. Take for the experiment a cork, a marble, 
or any other object, large or small ; hold it betAA^een the 
fingers, and lot it go. Everyone knOAVs Avhat would happen 
in such a case doAvn here; but it required Sir Isaac Newton 
to tell Avhat Avould happen in such a case up there. NoAvton 
asserts that the poAver of the earth to attract bodies extends 
OAen to this great height, and that the marble Avould Ml. 
’fliis is the doctrine that Ave can noAv test. We arc ready 
for the experiment. The marble is released, and, lo ! our first 
exclamation is one of Avondcr. Instead of dropping instantly, 
the little object appears to remain suspended. We are on 
tlui point of exclaiming that Ave must have gone beyond the 
earth’s attraction, and that NeAvton is Avrong, Avhen our atten- 
tion is arrested ; the marble is beginning to move, so sloAvly 
that at first Ave have to Avatch it carefully. But the pace 
gradually improves, so that the attraction is beyond all doubt, 
until, gradiuxlly acquiring more and more velocity, the marble 
speeds on its long journey of a quarter of a million of miles 
to the earth. 

But surely, it Avill bo said, such an experiment must be 
entirely impossible; and no doubt it cannot be performed 
ui the Avay described. Tlie bold idea occurred to NeAvton 
of making use of the moon itself, Avhich is almost a quarter 
^^1 a million of miles above the earth, for the purpose of 
answering the question. Never Avas our satellite put to such 
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noble use before. It is actually at each iiiomciit falling in 
towards the earth. We can calculate how niuch it is deflected 
towards the earth in each second, and thus obtain a measin-e 
of the earth’s attractive poAver. From such enquiries Newton 
Avas able to learn tdiat a body released at the distance oC 
2J19,000 miles abo\^c the surface of the earth Avould still bt* 
attracted by the earth, that in virtue of the attraction the 
body Avould commence to move off toAvards the earth — not, 
indeed, with the velocity Avith Avhich a body falls in experi- 
ments on the surface, I>ut Avdth a very much lesser speed. 
A Ijody dropped doAvn from the distance of the moon Avould 
commence its long journey so sloA\dy that a instead 

of a mxmdy Avould have ela])scd before the distance of 
sixteen feet had been accom])lishcd.* 

It Avas by pondering on information thus Avon from the 
moon that NeAvton made his immortal disco Axry. The gravi- 
tation of the earth is a force Avhich extends far and Avide 
through space. The more distant the body, the Aveaker the 
gravitation becomes; here NeAvton found the means of deter- 
mining the great problem as to the laAv according to Avhich 
the intensity of the gravitation decreased. The information 
derived from the moon, that a body 23f),000 miles awjiy 
requires a .minute to fell tlirough a space equal to that 
through Avhich it AA^ould fall in a second doAvn here, Avas of 
paramount importance. In the first place, it sIioaa^s that 
the attractive ])OA\'er of the earth, by AAdiich it draAvs all 
bodies eartliAvards, becomes weaker at a distance. This might, 
indeed, hav^e been anticq)ated. It is as reasonable to su])pose 
that as Ave retreated further and further into the de])ths of 
space the poAAxr of attraction should diminish, as that the 
lustre of light should diminish as AA^e recede from it ; and it 
is remarkable that the la\A^ according to Avhich the attrac- 
tion of gravitation decreases Avith the increase of distance is 

* The space (lescrihed Ly a lulling body is proportional to the product of tla 
forco and the scpiaiaj of the lime. The force varies invers(dy as the square ot 
the distance from* the earth, so that the space will vary as tlie square of th< 
time, and inversely as the square of the distance. If, therefore, the distiuice he 
incrc-e.sed sixty-fold, the time must also he increased sixty-fold, if the space fallen 
tlirough is to remain the same. 
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precisely the same as the law .according to which the bril- 
liancy of a light decreases as its distance increases. 

The law of nature, stated in its simplest form, asserts that 
the intensity of gravitation varies inversely as the scpiare of 
the distance. Let me endeavour to elucidate this somewhat 
abstract statement by one or two simple illustrations. Sup- 
pose a body were raised above the surface of the earth to a 
lieight of nearly 4,000 miles, so as to be at an altitude 
e(|ual to the radius of the earth. In other words, a body 
so situated would l)e twice as far from the centre of the 
eai’th as a body which lay on the surface. The law of 
gravitation says that the intensity of the attraction is then 
to be decreased to one-fourth part, so that the pull of the 
earth on a body 4,000 miles high is only one quarter of the 
])ull of the earth on that body so long as it lies on the 
ground. AVc may imagine the effect of this pull to be shown 
in different ways. Allow the body to fall, and in the in- 
terval of one second it will drop through only four feet, a 
mere (piarter of the distance that gravity would cause near 
the earth’s surface. 

We may consider the matter in another way by supposing 
that the attracition of the earth is measured by one of those 
little weighing machines known as a spring balance. If a 
weight of four pounds bo hung on such a contrivance, at the 
earth’s surface, the index of course shows a weight of four 
l)(>iinds ; but conceive this balance, still bearing the weight 
appended thereto, Avere to be carried up and up, the indi- 
cated strain would become less and less, until by the time 
the balance reached 4,000 miles high, where it was twice as 
lar away from the earth’s centre as at first, the indicated 
strain would be reduced to the fourth part, and the balance 
would only show one pound. If we could imagijie the in- 
strument to be carried still further into the depths of space, 
the indication of the scale Avould steadily continue to decline. 
l>y the time the apparatus had reached a distance of S,000 
miles high, being then three times as far from the earth’s 
centre as at first, the law of gravitation tells us that the 
Jitt faction must have decreased to onc-ninth part. The strain 
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thus shown on the balance would be only the ninth part of 
four pounds, or less than half a pound. But let the voyage 
be once again resumed, and let not a halt be made this time 
until the balance and its four-pound weight have retreated 
to that orbit which the moon traverses in its monthly course 
around the earth. The distance thus attained is about sixty 
times the radius of the earth, and consccjuently the attrac- 
tion of gravitation is diminished in the proportion of one 
to the square of sixty ; the spring will then only be strained 
by the inappreciable fraction of 1-3,000 part of four pounds, 
it therefore appears that a body Avhich on the earth 
weighed a ton and a half would, if raised 239,000 miles, 
weigh less than a pound. But even at this vast distance 
we are not to halt; imagine that we retreat still further and 
further ; the strain shown by the balance will ever decrease, 
but it will not vanish, no matter how far we go. Astronomy 
appears to teach us that the attraction of gravitation can 
extend, with suitably enfeebled intensity, across the most 
profound gulfs of space. 

The principle of gravitation is of far wider scope than we 
have yet indicated. We have spoken merely of the. attraction 
of the earth, and we have stated that this force extends 
throughout space. But the law of gravitation is not so 
limited. Not only does the earth attract every other body, 
and every other body attract the earth, but each of these 
bodies attracts the other ; so that in its more complete shape 
the law of gravitation announces that “every body in the 
universe attracts every other body with a force which varies 
inversely as the scpiare of the distance.” 

It is impossible for us to over-estimate the importance of 
this law. It supplies the clue by which we can unravel the 
coijiplicated movements of the planets. It has led to marvel- 
lous discoveries, in which the law of gravitation has enabled 
us to anticipate the telescope, and to feel the existence of 
bodies before those bodies have even been seen. 

An objection which may be raised at this point must first 
be dealt with. It seems to be, indeed, a plausible one. If 
the earth attracts the moon, why does not the moon tumble 
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down on the earth '( If the earth is attracted })y the sun, 
why does it not turiible into the sun ? If the sun is attracted 
by other stars, why do they not rush together with a frightful 
collision ? It may not unreasonably bo urged that if all these 
bodies in the heavens are attracting each other, it would 
seem that they must all rush together in consequence of that 
attraction, and thus weld the whole material universe into a 
single mighty mass. We know, as a matter of fact, that these 
collisions do not often happen, and that there is extremely 
little likeliho(3d of their taking place. We see that although 
our earth is said to have been attracted by the sun for countless 
ages, yet the earth is just as lar from the sun as ever it 
was. Is not this in conHi(*X with the docjtrine of universal 
gravitation ? In the early days of astronomy such objections 
would be regarded, and doubtless were regarded, as well-nigh 
insuperable : even still wo occasionally hear them raised, and 
it is therefore the more incumbent on us to explain how it 
liap[)(uis that the solar system has been able to escape from 
the catastro])he by which it seems to bo threatened. 

There can be no doubt that if the moon and the earth 
had been initially placed at rest, they would have been drawn 
together by their mutual attraction. So, too, if the system of 
])Luiets surrounding the sun had been left initially at rest 
they would have dashed into the sun, and the system Avould 
have been annihilated. It is the fact that the planets are 
moving, and that the moon is moving, which has enabled 
these bodies successfully to resist the attraction in so far, at 
least, as that they are not drawn thereby to total destruction. 

It is so desirable that the student should understand clearly 
how a central attraction is compatible with revolutiim in a 
/learly circular path, that we give an illustration to show how 
the^moon pursues its monthly orbit under the guidance and 
the control of the attracting earth. 

The imaginary sketch in Fig. 36 denotes a section of the 
earth with a high mountain thereon.* If a cannon were 
stationed on the top of the mountain at C, and if the cannon- 
ball were bred off in the direction C E with a moderate charge 

* Sea Newcomb’s “ ropular Astronomy,” p. 78. 

J 
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of powder, the ball would move down along the first curved 
path. If it be fired a second time with a heavier (diarge, 
the path will be along the second curv(Ml line, and the ball 
would again fall to the ground. But let us try next time 
with a charge still further increased, and, indeed, with a far 
stronger camion tlnin any piece of ordiuuice ever yet made. 
The velocity oi‘ the projectile must now be assumed to be 
some miles per second, but we can concaave that the speed 


E C 



Fig. 3G. — Uiu«tr.atkm of the Moon’s Motion. 


shall be so adjusted that the ball shall move along the 
path Cl), always at the same height above the earth, though 
still curving, as every ])rojoctile must curve, from the horizontal 
line in whi(‘h it moved ai the first monuait. Arrived at D, 
the ball will still be at the same height above the surface, 
and its velocity must be unabated. It will therefore continue 
in its path and move round another ([uadrant of the circle 
without getting nearer to the surface. In this manner the 
projectile will travel completely round the whole globe, coming 
back agahi to C and then taking another start in the same 
path. If we could abolish the mountain and the cannon at 
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the top, wo should have a body revolving* lor ever around the 
earth in coiisc([uence of the attraction ol‘ gravitation. 

Make now a bold stretch of the iruaginatiou. Conceivaj 
a mighty cannon capable of receiving a round bullet not 
less than 2,000 miles in diameter. Discharge this enormous 
bullet witli a velociity of about 3,000 feet per se(a>nd, which 
is two or three times as great as the velocity acl.ually attain- 
able in modern artillery. Let this notable bulh't bo tired 
horizontally from some station nearly a quarter ot a million 
miles abov(i the surface of the earth, hhat f(‘artiil missile 
would swec]) right round the earth in a nearly cireadar orbit, 
and return to where it started in about four weeks. It 
would then commence another revolution, four weeks more 
would find it again at the starting ])oint, and this motion 
would go on for ages. 

Do not suppose that we arc entiredy romancing. We can- 
not indeed show the cannon, but we caii point to a great 
projectile. We see it every month; it is the beautiful moon 
lierself Mo one asserts that the moon was ever shot from 
su(di a cannon; but it must be admitted that she moves 

as if she had been. In a later chapter we shall (‘iKpdre 
into the history of the moon, and show how sln^ came to 
revolve in this wonderful manner. 

As with the moon around the earth, so with tdie earth 

around the sun. The illustration shows that a circular or 

n('ai-ly circular motion harmonises with the conce])tion of the 
law of universal gravitation. 

We are accustomed to regai-d gravitation as a I'orce of 

stupendous magnitude. Does not gravitation control the moon 
in its revolution around the earth ? Is not even the liiighty 
earth itself retained in its path around the sun by the sur- 
passing power of the sun’s attraction ^ in^o doubt the actual 
tori'o which keeps the earth in its path, as well as that 
^v’hicli retains the moon in our ncighhourhood, is of vast 
iutonsity, but that is because gravitation is in such (*ases 
associated with bodies of enormous mass. No one can deny 
dnit all bodies accessible to our observation appear to attract 
-ich other in accordance with the law of gravitation; but 
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it must be confessed that, unless one or both of the attract- 
ing^ bodies is of gigantic dimensions, the intensity is almost 
im m easurably small. 

Let us attempt to illustrate how feeble is the gravitation 
between masses of easily manageable dimensions. Take, for 
instaiK^e, two iron weights, (iach weighing about 50lb., and 
separated by a distance of one foot from centre to centre. 
There is a (certain attraction of gravitation between these 
weights. Th(3 two weights are drawn together, yet they do 
not move. The attraction between them, though it certainly 
exists, is an extremely minute force, not at all comparable 
as to intensity with magnetic attraction. Everyone knows 
that a inagnet will draw a piece of iron with considerable 
vigour, but the intensity of gravitation is very much less 
on masses of equal amount. The attraction between these 
two 501b. weights is less than the ten-millionth part of 
a single pound. Such a force is utterly infinitesimal in com- 
parison with the friction between the weights and the table 
on whi(3h they stand, and hence there is no response to the 
attraction by even the slightest iiiovement. Yet, if wo can 
conceive each of these weights mounted on wheels absolutely 
devoid of friction, and running on absolutely perfect hori- 
zontal ra/ils, then there is no doubt that the bodies would 
slowly commence to draw together, and in the course of time 
would arrive in actual contact. 

If we desire to conceive gravitation as a force of mca- 
surahl(‘ intensity, we must employ masses immensely more 
pondca-ous than those 50lb. weights. Imagine a pair of 
globes, each coinposed of 417,000 tons of cast iron, and each, 
if solid, being about 53 yavds in diameter. Iiiiagine these 
globes placed at a distance of one mile apart. Each globe 
attracts the other by the force of gravitation. It docs not 
matter that buildings and obstacles of every description 
intervene; gravitation, will pass through vsuch impediments 
as easily as light passes through glass. No screen can be 
devised dense enough to intercept the passage of this force. 
Each of these iron globes will therefore in all circum- 
stances attract the other; but, notwithstanding their ample 
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proportions, the intensity of that attraction is still very small, 
though appreciable. The attraction between these two globes 
is a force no greater than the pressure exerted by a single 
pound weight. A child could hold back one of these massive 
globes from its attraction by tlie other. Suppose that all 
was clear, and that friction coidd be so neutralised as to 
permit the globes to follow tlie impulse of their mutual 
attractit)ns. The two globes will then cojiimence to approach, 
but the masses are so large, while the attraction is so small, 
that the speed Avill be accelerated very slowly. A micro- 
scope would be necessary to show Avhen the motion has 
actually commenced. An hour and a, half must elapse before 
the distance is diminished by a single foot ; and although 
the pace improves subsecpiently, yet three or four days must 
elapse before the two globes will come together. 

The most remarkable characteristic of the force of gravi- 
tation must be here specially alluded to. The intensity 
a[)pears to depend only on the quantity of matter in the 
bodies, and not at all on the nature of the substances of 
which these bodies are (a)ni|)osed. W(; have described the 
two globes as made of cast ii*on, but if cither or both were 
composed of lead or copper, of wood or stone, of air or 
water, the attractive power would still be the same, ]n’ovidod 
only that the masses remain unaltered. In this we observe 
a profound difference between the attraction of gravitation 
and magnetic attraction. In the latter case the attncition 
is not perceptible at all in the great majority of substanci's, 
and is only considerable in the case of iron. 

In our account of the solar system we have represented 
the inoon as revolving around the cartli in a nettrlif circular 
j^atli, and the planets as revolving around the sun in orbits 
\vhicli are also approximately circular. It is now oui’ duty 

give a more minute description of these remarkable paths; 
'Uid, instead of dismissing tlicm as being nearlij cii’cles, we 
luiist ascertain precisely in wliat respects they differ there- 
from. 

If a planet revolved aroimd the sun in a truly circular 
hath, of which the sun was always at the centre, it is 
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tlicn obvious tliat llic distance from the sun to the planet, 
bein<,^ always equal to the radius of the circle, must bo of 
constant magnitude. Now, tlicro can be no doubt that the 
distance from the sun to each planet is approximately 
constant; but wlien accurate observations arc made, it 
becomes clear that the distance is not absolutely constant. 
The variations in distance may amount to many millions 
of miles, but, even in extreme cases, the variation in the 
distance of the planet is only a small fraction — usually a 
very small fraction — of the total amount of that distance. 
The cii'cu instances vary in the case of each of the planets. 
The orbil of the earth itself is such that the distance from 
tlie cartli to the sun departs but little from its mean value. 
Ahnus makes ev(‘ii a clos(a* approach to perfectly circular 
movement; whil(‘, on the other hand, the path of Mars, and 
miK'li more' tlu‘ path of Afercury, show considerable ri'lativc 
fliK't nations in the distance frotn the plaiu't to the sun. 

Tt has often been iiotic(Hl that many of the great dis- 
coveri(‘s in science have tlieir origin in the nice observation 
and (^x])lanation of nubuite dc'partun.^s from some law approxi- 
mately true. We liav(‘ in this department of astronomy an 
ex(‘cllent, illustration of this principle. The orbits of the 
])lanets aiv nearly circles, but they are not (cxadly circles. 
Now, Avhy is this ? Theni must be some natural reason. 
That reason has been ascertained, and it has led to several 
of the grandest dis{'overies that the mind of man has ever 
achieved in the nail ms of Nature. 

In tlie first place, let us see the inferences to be drawn 
from the fact that the distam'o of a planet from the sun is 
not constant. The motion in a circle is one of such beautj 
and sim])licity that we are rcluc.tant to abandon it, unless 
the iKM-essity for doing so bo made clearly apparent. C^an avc 
not. d(‘viso any way l)y which the circular moticni might bo 
preserved Avhile still fully explaining the fluctuations in the 
distance from Uie planet to the sun ? This is clearly impos- 
sible Avith the sun at the centre of the circle. But suppos'" 
the sun did not occupy the centre, Avhilc the planet, as l)efore, 
revolved around the sun. The distance between the tw( 
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bodies would tlien necessarily fluctuate. The more eccentrics 
the position of tlio sun, the lari^er would be riie proportionate 
variaticni in the distance of the planet when at the diflerent 
parts of its orbit. It might further be supposed that by 
placing a series of cii*cles around the sun the vai'ious planet- 
ary orbits (*-ould be ac'coimted for. The cicntre of the cinde 
bcloiigiiig to Vemus is to coincide v'cry nearly with the c-entre 
of the sun, and the centres of the orbits of all the other 
planets are to be plac^ed al sucdi suitable distances from the 
sun as will render a satisfactory explanation of the gradual 
increase and decrease of the distance betwcicu tlio two bodic's. 

There can be no doubt that the inov( 3 nients of the moon 
and of the planets would be, to a large extent, explained by 
such a system of circmlar orbits; but the s])irit of astroncmiical 
encpiiry is not satisiied with ap])roximat(^ results. Again 
and again the planets are observed, and agiiin and again the 
observations are cjomparc'd with the plac,os which the j^lanets 
would occiupy if they moved in acc'ordanc'e with the system 
here indicated. The centre's of the ciredes are nioved hither 
and thither, tlieir radii ajv adjustcjcl with greater (*aro ; but it is 
all of no avail. The observations of the ])lanets are minutc'ly 
examined to see if they can be in error; but of e]*i*ors there 
are none at all sufiici(3nt to account for the disc,repancies. 
The conclusion is tlius inevitable - astronomers are forced to 
abandon the circular motion, whfoh Avas thought to possess 
sucdi unrivalled symmetiy and beauty, and are compelled 
to admit that the oidiil.s of the planets are not circular. 

Then if these orbits be not (drcles, Avhat are thciy ? Such 
was the grc3at problem Avhicli Kepler prc)])osed to soIat, and 
which, to his immortal glory, he succ'.ecxled in sohung and in 
proving to demonstration. The great disc-oveuy of the true 
shape of the planetary orbits stands out as one of the most 
conspi(‘,uous evc3nts in the history of astronomy. Tt may, 
iu fac3, bo doubted Avhether any other discovery in the 
whole ra.nge of scdence has led to rc'sults of suc'h far-reaching 
interest. 

We must here adventure for a Avhile into the Held of 
science known as geometry, and study therein tlic nature of 
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that curve which the di.s(?oveiy of Kepler lias raised to such 
unparalleled importance. The subjc(it, no doubt, is a dithcailt 
one, and to pursue it with any detail would involve us in 
many a})stnise cahailatious whi(di would be out of place in 
this volume ; but a <(eueral skeb'h of the subj(H‘t is indis- 
p(^usable, and vve must attempt to rc'iider it su<;li justice as 
may be compatible with our limits. 

The (iurve whi(^h represents with ])erfect fidelity the move- 
ments of a ])lauet in its revolution around the sun beloni>s to 
that well-kiiow^n grou[) of (turves wliktli mathematictians de- 
sra'ibe as tlui conic seittions. The ])articular form of conki 
section which denotes the orbit of a planet is knowui by the 
name of the ellrpse : it is spolmn of somewhat less accurately 
as an oval. The ellipse is a curve whicth ('an he readily (con- 
structed. Tliei’c is no simpler metliod of (loiui>’ so than that 
whi('h is familiar to draughtsmen, and which we shall liere 
brieHy des(tribe. 

We represent on the next page (Fig. 37) two pins ])assing 
through a sheet of paper. A loop of twine passes over the 
two pins in the mannei* luwe iiidica-t('d, and is stretcched by 
the point of a pencil. With a little (care tluc j)eucil can be 
guided so as to keep the string stretched, and its point Avill 
then describe Ji (curve com])l(‘t(3ly numd the jfins, returning 
to the point, from Avliicli it start(Ml. We thus produce that 
celebrated g(3ometri('al figure whk'h is called an ellipses. 

It will be instructive to draAv a number of ellipses, vary- 
ing ill each case the circumstances undei* Avhich they are 
fornuMl. If, for instancce, the pins remain pla<c(Ml as belong 

Avhile the length of the loop is inen^ased, so that the pencil 

is iartlu'r away Irom the pins, then it Avill ];e observed that 
the ellipse has lost some of its (‘,longati(m, and approaches 
more closely to a (cincle. On the other hand, if the length of 
the (cord in the loo]) he lessened, Avhile the pins remain as 
before, the (‘llipse Avill l>e loimd more oval, or, as a mathema- 
ti(ciaii Avould say, its rMcc/ntrlcti p is increased. It is also 
useiul to study the (changes Avhicdi the form of the ellipse 

undergoes when one of the pins is altered, Avhile the length 

of the loop remains unchanged. If the tAvo pins be brought 
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nearer together the eccentricity will decrease, and the ellipse 
will approximate more closely to the shape of a (*ircle. If 
the pins bo separated more widely the eccentricity of the 
(llipse will be increased. That the circle is an extrenne form 
of ellipse will be evident, if we suppose the two pins to draw 
in so ctlose together that they become coincident ; the point 
will then simjdy trace out a circle as the pencil moves round 
the Jigure. 

Tluj points marked by the pins obviously possess very 
remarkable relations with respect to the curve. Each one 



is called a focus, and an ellipse can only have one pair of 
loci. In other Avords, there is but a single ])air of positions 
possible for the two pins, Avhen an ellipse of specified size, 
J^hai)e, and position is to bo constructed. 

d'ho ellipse diflers principally from a cir(*le in the cii’cum- 
stanco that it possesses variety of Ibrni. We can have large 
and small ellipses just as avc can have largo and small circles, 
hut we can also have ellipses of greater or less eccentricity. 
If the ellipse has not the ]X)rfect sim])licity of the circle it 
hi^s, at least, the charm of variety Avhich the circle has not. 
Ihe oval curve has also the beauty derived from an outline 
of pcrtect grace and an association Avith ennobling conceptions. 
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The am'ient gcoinetricaans had stiidic'd the cllij)se ; they 
had noticed its fo(ii ; they were ac(piaintod with its geo- 
metrical relations ; and thus Ko])ler was familiar with the 
ellipse at the time when he undertook his celeljrated re- 
searches on the movements of the ])lanets. He had found, 
as we have already indicated, that the inovenients of tlu^ 
planets could ]iot be reconciled with circular orbits. What 
shape of orbit should next be tried The ellipse was ready 

to liand, its ])ropcrtics were known, and the comparison could 
be made: nuMtiorable, indeed, was the consequence of this 
com])aTij4on. Kepler found that the movement of the planets 
could he explained, by supposing that the path in which 
each one rcvolvcMl was an (Jlipso. This in itself was a dis- 
covery of the most commanding im])ortan(;o. On the one 
hand it rcdiu^ed to order the movements of the great globes 
which cinailate round the sun ; while on the other, it took 
that beautiful class of (‘.urves which had exerciscal the 
geometrical talents of the ancients, and assigned to them 
the dignity of dehniug the highways of the universe. 

But we liave as yet only partly enunciated the lirst dis- 
covery of Kc])ler. W(‘, have seen that a planet revolves in 
an ellipse ai’ound tlu? sun, and that the sun is, th(‘relbre, at 
some point in the interior of the ellipse — but at what point? 
Interesting, indeed, is the answer to this (question. Wc 
have ])ointed out how the foci possess a geometrical 
signiticanc(^ which no other points caijoy. Kepler showed 
that the sun must b(^ situated in one of the foca of the 
clli|)se in whi(‘h ('ach ])lanet revolves. Wo thus enunciate 
the lirst law of planetary motion in the following words: — 

EdcJi pUmrf rrrobu^s (troimd the sitn in an ell Iptic 
having the snv af one of the foci. 

We are now enabled to form a clear picture of the orbits o^ 
the planets, be they ever so numerous, as they revolve around 
the sun. In the first place, we observe that the ellipse is 
a plane curve ; that is to say, each planet must, in the 
course of its long journey, confine its movements to one 
plane Each planet has thus a certain plane appropriated to 
it. It is true that all these planes are verv nearly coincident, 
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at least in so far as the great ])laiiGts are concerned ; but still 
they are distinct, and the only feature in which they all agree 
is that each one of them passes through tlie sun. All the 
elliptic orbits of the planets have one focus in common, and 
that focus lies at the centre of the sun. 

It is well to illustrate this reiTiarkable law by considering 
the circumstances of two or three different ]danets. Take 
first the case of the earth, the path of which, though really 
an ellipse, is very nearly circular. In fact, if it were drawn 
accurately to scale on a sheet of paper, the difference l)elween 
the elliptic orbit and the circle would hardly be detected 
without careful measurement. In the case of A'enus the 
ellipse is still more nearly a circle, and the Lavo foci of the 
ellipse are very nearly coincident with the cent^i’e of the circle. 
On the other hand, in the case of Mercury, avc liave an ellipse 
Avhich departs from the circle to a very marked extent, Avhile 
in the orbits of some of the minor planets the eccentricity is 
still greater. It is extremely remarkable lliat every planet, 
no matter how far from the sun, should be found to move 
in an ellipse of some shape or other. We shall presently 
slioAA" that necessity compels each planet to ])ursue an elliptic 
path, and that no other form of path is possible. 

Started on its elliptic path, the planet jmrsues its stately 
course, and after a certain duration, known as the (wriodir 
time, regains the jAosition from Avhicli its departure was taken. 
Again the planet traces out anew the same elli])tic path, and 
thus, revolution after revolution, an identical track is traversed 
around tlic sun. Let us now attem[)t to follow the body in 
its course, and observe the history of its motion during tlu^ 
time rocpiisite for the completion of one of its circuits. The 
dimensions of a planetary orbit ai*e so stU])endous that the 
planet must run its course very rapidly in order to tinish the 
journ(y within the allotted time. The earth, as we have 
already seen, has to move eighteen miles a second to accom- 
plish one of its voyages round the sun in the la])se ot 3051 
days. The question then arises as to whether the rate at 
which a planet moves is uniform or not. Docs the earth, 
for instance, actually move at all times Avith the velocity of 
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cigliteon iiiilcs a second, or does our planet sometimes move 
more rapidly and sometimes more slowly, so that the average 
of eighteen miles a second is still maintained ? This is a 
(piestion of very gi'cat importance, and wo arc able to answer 
it in the clearest and most em})hatic manner. The velocity 
of a planet is not uniform, and the variations of that velocity 
can be exjdained by the adjoining figure (Fig. 8(S). 

Lot us first of all imagine the planet to be situated at 
that ])art of its path most distant from the sun towards the 



Fig. 38. — Varyiijg Velocity of Elliptic ^Motion. 


right of the figure. In this |)osition the body’s velocity is at 
its lowest ; as the planet begins to approach the sun the speed 
gradually improves until it attains its mean value. After this 
point has been passed, and the pltinet is now rapidly hurrying 
on towards the sun, the velocity with which it moves becomes 
gradually greater and greater, until at length, as it dajdics 
round the sun, its speed attains a maximum. After passing 
the sun, the distaiuic of the planet from the luminary increases, 
and the velocity of the motion begins to abate; gradually it 
declines until the mean value is again reached, and then it 
falls still lower, until the body recedes to its greatest distance 
from the sun, by which time the velocity has abated to the 
value from which we supposed it to commence. We thus 
observe that the nearer the planet is to the sun the quicker 
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it moves. We can, however, give numerical definiteness to 
the principle according to which tlie velocity of the planet 
varies. The adjoining figure (Fig. 89) sliows a planetary orbit, 
with, of course, the sun at the focus 8. We have taken two 
portions, A B and C D, round the ellipse, and joined their 
extremities to tlie focus. Kepler’s second law may be stated 
in these Avords ; — 

“ Everij 'planet moves round the sun with such a velocifj/ 
at every point, that a straight line drawn, from it to the sun 
passes over equal areas in equal times” 

For example, if tlio two shaded portions, A B 8 and 



D C S, are equal in area, then the times occupied by tlie 
planet in travelling over the portions of the ellipse, A B and 
C ]), are e(pial. Tf the one area be greater than the other, 
then the timc« required are in the proportion of the areas. 

This law being admitted, the reason of the increase in 
the planet’s velocity when it approaches the sun is at once 
apparent. To acconqilish a definite area Avhen near the sun, 
a larger arc is obviously necessary than at other parts of the 
[lath. At the opposite extremity, a small arc suHices for a 
largo area, and the A^elocity is accordingly less. 

These two laAvs completely prescribe the motion of a planet 
round the sun. The first defines the path which the planet 
pursues ; the second describes hoAv the velocity of the body 
varies at different points along its path. But Kepler added 
to these a third law, which enables us to compare the move- 
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iiK.'iits of two different planets revolving round the same sun. 
Before stating this law, it is necessary to explain exactly 
what is meant by the mrdn distance of a planet. Tn its 
(^lli[)tic. ])ath the distance from the sun to tlie planet is con- 
stantly changing; but it is nevertheless easy to attach a 
distinct meaning to that distaiuio which is an average of all 
the distances. This average is called the mean distance. 
The sini])lcst way of linding the mean distaiK'.e is to add the 
greatest of these (]uantities to the least, and take half the 
sum. We have already defined the periodic time of tlie 
planet; it is the nuiuber of days which the ])lanet recpiires 
for the ('omplel.ion of a journey round its path. Kepler’s 
third law establishes a relation between the mean distances 
and the ])criodi(i times of the A^arious planets. That rela- 
tion is stated in the following Avords : — 

“ The sqn((res of the periodie tlme,^ (ire proporiloaal to Lite 
ri(J>es of the loeaii diMdnei'sT 

Kepler knew that the different planets had different 
periodic times; he also saw that the greater the mean dis- 
taiKJC of the planet the greater Avas its periodic time', and ho 
was detei’inined to find out the (anmeejtion Ix'-tween the two. 
It Avas easily found that it Avould not be true to say that the 
peri()di(j time is merely proportional to the moan distance. 
Were this the case, then if one planet had a distanex', twice as 
great as another, the periodic time of the former would have 
been double that of the latter : observation showed, how- 
('AT'r, that the periodic time of the more distant planet ex- 
ceeded twic(', and Avas indeed lu'arly three times, that of the 
other. By n'peatod trials, which would have exhausted the 
])atienco of one less confident in his own saga(*ity, and less 
assured of th('- ac(a.iracy of the obseiwations which he sought 
to interj^rc't, K copier at length discovered the true law, and 
ex])rcssefl it in the form Ave have stated. 

To illustrate the nature of this law, avc shall take for com- 
parison the earth and the planet Vcanis. If Ave denote the 
mean distance of ’the earth from the sun by unity, then the 
mean distance of Venus from the sun is 0*723e3. Omitting 
decimals beyond the first place, Ave can represent the periodic 
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lime of tlie earth as 8()o-3 days, and the periodic lime of 
Venus as 2:247 days. Now the law wliich Kepler asserts is 
tliat the scpuire of olio Jl is to the s(piare of 224 7 in the 
same ])ro[)ortion as unity is to the cuIk? of 0 7233. The 
;-(‘a(l(T can (‘asily verify the truth of this identity by actual 
multiplication. It is, however, to be reiiienibenHl that, as 
Diily four figures have been retained in tlie ex])ressions of the 
periodic times, so only four figures are to be (ionsidered 
siMnili<'ant in making the calculations. 

The most striking manner of making the verification will 
1)(; to regard tJie time of the revolution of Venus as an 
unknown ([uantity, and deduce it from the known revolu- 
tion of the earth and the rm^an distance of Ahaius. In this 
way, by assuming Kepler’s law, we deduce the cube of the 
periodic time by a simple proportion, and the resulting value 
of 224 7 days can then be obtained. As a matter of fact, in 
the calculations of astrononiy, the distances of the ])hin(',ts 
arc usually ascertained from Kepler’s law. Tln‘ periodic 
time of the ])lanet is an element which can be measured 
with great accuracy ; and once it is known, thc‘n I he sipiarc 
of the mean distance, and consequently the mean distaiu'o 
itself, is determined. 

Such are the three celebrated laws of rianelary ^Motion, 
win ell have always been associated with the name of lluir 
(lisia. >verer. The profound skill by which these laws were 
olicited from the mass of obse,rvat ions, the intrinsic beauty 
ot the laws themselves, their widespread generality, and the 
hoiid of union wliich they have established between the 
various members of the solar system, have given them 
4uitc an exceptional position in astronomy. 

As established hy Kepler, these ])lanctary laws were 
merely the results of observatioii. It was found, as a matter 
ot tact, that the planets did move in ellipses, but Kepler 
Jcssigned no reason why they should adopt this curve rather 
than any other. Still less was he able to oiler a reason 
^'Iiy these bodies should sweep over equal areas iii equal 
bn ICS, or wliy that third law was invariably obeyed. The 
as they came from Kepler’s hands stood out as three 
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independent truths; thoroughly established, no doubt, but 
unsupported Ijy any arguments as to why these movements 
rather than any others should bo a]:)propriate for the revolu- 
tions of the planets. 

It was the crowning triumph of the great law of universal 
gravitation to remove this empirical character from Kepler’> 
laws. Newton’s grand discovery bound together the three 
isolated laws of Kepler into one beautiful doctrine. tl(‘ 
showed not only that those laws are true, but he showed 
why they must bo true, and why no other laws could have 
been true. lie proved to demonstration in his immortal 
work, thi) “ Princi])ia,” that the explanation of the famous 
planetary laws was to be sought in the attraction of gravi- 
tation. Newton sot forth that a power of attraction resided 
in tlie sun, and as a necessary consecpience of that attrac- 
tion every planet must revolve in an elliptic*, orbit round the 
sun, having the sun as one focus ; the radius of the planet’s 
orbit must sweep over equal areas in equal times ; and in 
comparing the movements of two planets, it was necessary to 
have the squares of the periodic times proportional to the 
cubes of the mean distances. 

As this is not a mathematical treatise, it will be impossible 
for us to discuss the proofs which Newton has given, and 
which have commanded the immediate and universal acejuics- 
cence of all who have taken the trouble to understand them. 
We must here confine ourselves only to a very brief and 
general survey of the subject, which will indicate the character 
of the reasoning employed, without introducing details of a 
technical character. 

Let us, in the first place, endeavour to think of a globe 
freely poised in space, and completely isolated from the 
influence of every other body in the imiviirse. Let us 
imagine that this globe is set in motion by some impulse 
which starts it forward on a rapid voyage through the realms 
of space. When the impulse ceases the globe is in motion,* 
and continues to move onwards. But what will bo the path 
which it pursues ? We are so accustomed to see a stone 
thrown into the air moving in a curved path, that we might 
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naturally think a body projected into free space will also 
move in a curve. A little consideration will, however, show 
that the cases arc very diflForent. In the realms of free 
space we find no conception of upwards or downwards ; all 
paths are alike ; there is no reason why the body should 
swerve to the right or to the left ; and hence we arc led to 
siirinisc that in these circumstances a body, once started 
and freed from all interference, would move in a straight 
line. It is true that this statement is one which can never 
he submitted to the test of direct experiment. Circum- 
staiKtcd as we are on the surface of the earth, we have no 
means of isolating a body from external fon^cs. Tlie re- 
sistance of the air, as well as friction in various other forms, 
no l(^>s than tlie gravitation towards the (‘arth itself, interfere 
with our experiments, A stone throwji along a sheet of ice 
will be exposed to but little resistance, and in this case we 
see that the stone will take a straight course along the froz(ai 
surlace. A stone similarly cast, into empty spacjc would pursue 
a ('OLirse absolutely rectilinear. This we demonstrate, not by 
any attempts at an experiment which would necessarily be 
liitih', but by indirect reasoning. The truth of this j)rin- 
ciple (ian never for a moment be doubted by one who has 
(Inly weighed the arguments which have been produced in its 
behalf. 

Adjnitting, then, the rectilinear path of the body, the next 
question whicli arises relates to the velocity with whicih that 
movcanent is performed. 1lie stone gliding over the smooth 
ice on a frozen lake will, as everyone has observed, travel a 
long distance before it comes to rest. There is but little 
lri<'tion between the ice and the stone, but still even on ic^e 
friction is not altogether absent ; and as that friction always 
tends to stop the motion, the stone will at length be brought 
to rest. In a voyage through the solitudes of space, a body 
experiences no friction ; there is no tendeiuiy for the velocity 
to be reduced, and consequently we believe that the body 
could journey on for ever with unabated speed. No doTibt 
^lich a statement seems at variance with our ordinary ex])ori- 
euce. A sailing ship makes no progress on the sea when the 
K 
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wind dies away. A train will gradually lose its velocity when 
the steam has been turned oh'. A humming-top will slowly 
expend its rotation and come to rest. From such instances 
it might bo plausibly argued that when th(^ force has ceased 
to act, the inotion that the force generated gradually wanes, 
and ultimately vanishes. But in all these cases it will be 
found, on reflec'-tion, that the de(dine of the motion is to be 
attribiihul to the acition of resisting forces. The sailing ship 
is retarded by the rubbing of the water on its sides ; the 
train is (dieckcd by the friction of the wheels, and by the 
fiict that it has to fonio its way through the air ; and the 
atmospheric r(‘sistan(;e is mainly the cause of the stopping 
of the humniing-top, for if the air bo withdrawn, by making 
the experiment in a vacuum, the top Avill continue to spiii for 
a greatly lengthened ])eriod. We arc thus led to admit that 
a body, once projected freely in space and acited upon by no 
external resistaiute, will continue to move on for over in a 
straight line, and will preserve unabated to the end of time 
the velocity with which it originally started. This principle 
is known as the first law of motion. 

Let us a])ply this priiuaple to the important question of 
the movement of the planets. Take, for instance, the case of 
our earth, and let us discuss the consequences of the iirst law 
of motion. We know that the earth is moving each moment 
with a velocity of about eighteen miles a sc(iond, and the first 
law of motion assures us that if this globe were submitted to 
no external force, it would for ever ])ursue a straight track 
through the universe, nor would it de])art from the precise 
velocity which it possesses at the present moment. Ikit is 
the earth moving in this manner? Obviously not. We hav(; 
already found that our globe is moving round the sun, and 
the comprehensive laws of Kepler have giA^en to that motion 
the most perfec-t distinctness and precision. The consecpienco 
is irresistible. "J'he earth cannot be free from external force. 
Some potent influence on our globe must be in ceaseless action. 
That influence, whatever it may be, constantly deflects the 
earth from the rectilinear path Avhich it tends to pursue, and 
constrains it to trace out an ellipse instead of a straight line. 
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The great problem to bo solved is now easily stated. There 
must be some external agent constantly influencing the earth. 
What is that agent, whence does it proceed, and to what 
laws is it submitted ? Nor is the question confined to the 
earth. Mercury and Venus, Mars, Jupiter, and Saturn, un- 
mistakably show that, as they are not moving in rectilinear 
paths, they must be exposed to some force. What is this 
force which guides the planets in their paths Before the 
time of Newton this question might have been asked in vain. 
It was the splendid genius of Newton which supplied the 
answer, and thus revolutionised the whole of modern 
science. 

The data from which the question is to be answered must 
bo obtained from observation. We have here no j)roblem 
which can bo solved by mere mathematical meditation. 
Mathematics is no doubt a useful, indeed, an indispensable, 
instrument in the enquiry; but we must not attribute to 
matheimitics a potency whi(di it does not possess. In a case 
of this kind, all that mathemati(*s can do is to interpret the 
results obtained by observation. The data from which Newton 
proceeded were the observ(‘(l phenomena in the movement of 
the earth and the other idanets. Thosii facts had found a 
siK'ciiK^t expression by the aid of Kepler’s laws. It Avas, 
accordingly, the laws of Ke])l<‘r which Newton took as the 
basis of his labours, and it was for the interpretation of 
Kepler’s laws that Newton invoked the aid of that celebrated 
mathematical reasoning Avhi(di he created. 

The (picstion is then to be approached in this Avay : A 
])lanet being subject to some external influence, wo have to 
determine Avhat that influence is, from our knowledge that 
the pjith of each planet is an ellipse, and that each planet 
sweeps round the sun over equal areas in equal times. The 
inlluenco on each planet is Avhat a mathematician would call 
force, and a force must have a line of direction. The most 
•"'niiple conception of a force is that of a pull communicated 
a rope, and the direction of the rope is in this case the 
<hiv(;tion of the force. Let us imagine that the force (jxerted 
each planet is imparted by an invisible rope. Kepler’s 
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laws will inform us with rci^ard to the direction of this rope 
and the intensity of the strain transmitted through it. 

The mathematical analysis of Kepler’s laws would bo 
beyond the scope of this volume. We must, therefore, confine 
ourselves to the results to which they lead, and omit the 
details of the reasoning. Newton first took the law which 
asserted that the planet moved over equal areas in equal 
times, and he showed by uiiimpeac ‘liable logic tliat this at 
once gave the diniction in which the force acted on the planet. 
Ho showed that the imaginary rope by which the planet is 
controlled must be invariably directed towards the sun. In 
other words, the force exerted on each planet was at all times 
{)ointe(I from the planet towards the sun. 

It still remained to explain the intensity of the force, and 
to show how the intensity of that force varied when tiic planet 
was at dilferent ])oints of its path. Kepler’s first law enables 
this (piestion to be answered. If the planet’s path be elliptic, 
and if the force bo always directed towards the sun at oTu^ 
focus of that ellipse, then mathematical analysis obliges us 
to say that the intensity of the forc'o must vary inversely as 
the scpiare of the distam^e from the ])la]iet to the sun 

The movements of the planets, in confonnity with Kepler’s 
laws, would thus be accounted for even in their minutest details, 
if we admit that an attractive power draws tlie jdanet towards 
the sun, and that the intensity of this attraction varies in- 
versely as the square of the distance. Can we hesitate to suy 
tliat such an attraction docs exist ? We have seen how the eartli 
attracts a falling body ; we have seen Iioav the earth’s attrac- 
tion extends to the moon, and explains the revolution of the 
moon around the earth. We have now learned that the 
movement of the planets round the sun can also be explained 
as a c()nse(juen(‘.e of this law of attraction. But the evidence 
in support of the law of universal gravitation is, in truth, 
much stronger than any we have yet presented. We shall 
have occasion to dwell on this matter further on. We shall 
show not only how the sun attracts the planets, but how the 
planets attract each other ; and we shall find how this mutual 
attraction of the planets has led to remarkable discoveries, 
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wliich have elevated the law of gravitation bej^ond the ]X)ssi- 
bility of doubt. 

Admitting the existence of this law, we can show that the 
planets must revolve around the sun in elliptic paths with 
tlie sun in the common focus. We (^an show that thvy must 
sweep over ccpial areas in equal times. We can prove that 
i,hc s([uares of the periodh*. times must be ])roportional to the 
(‘uhes of their mean distances. Still furtlier, wo (an .show 
how the mysterious movements of comets can be accounted 
for. -By the same great law we can explain the revolutions of 
the satellites. We can ae(X)unt for the tides, and for otlier 
plienomena throughout the Solar System. Finally, we shall 
show that when we extend our view beyond the limits of our 
Solar System to the beautiful starry .systems scattered through 
space, Ave find even there evidence of the great law of universal 
gravitation. 
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THE JM.ANET OF I{(>MANCE 

Outlino of tho Subjcf^i — Is Alcn^ury tlui I’laiKit nearest the Hun? — Transit of an 
Interior Planol across the Sun Has a 'IVansit of Vbilcan ever been seen? — 
Visibility of J’lauets duriiif^ a Total Eelip'^e of the Sun — Professor Watson’s 
Researches in 1S7H. 


l^RoviDED with a t(eneral survoy of the Solar System, and 
Avitli such an outline of the law of universal gravitation as 
the last chapter has afforded us, we conimeiuje the more 
detailed examination of the planets and their satellites. We 
shall begin with the jilanets nearest to the sun, and then we 
shall gradually proceed outwards to one planet after another, 
until we reach the confines of the system. Wc shall find 
much to occupy our attention. Each planet is itself a globe, 
and it will be for us to describe as much as is known of it. 
The satellites by Avhich so many of the planets are accom- 
panied possess many points of interest. The circumstances of 
their discovery, their sizes, tlieir movements, and their dis- 
tances must be duly considered. It will also bo found that 
the movements of the planets present much matter for reflec- 
tion and examination. Wc shall have occasion to show how 
the planets mutually disturb each other, and what remarkable 
consequences have arisen from these influences. We must 
also occasionally refer to the important problems of celestial 
measuring and celestial weighing. We must show how the 
sizes, the weights, and the distances of the various members 
of our system are to be discovered. The greater part of our 
task will fortunately lead us over ground which is thoroughly 
certain, and where the results have been confirmed by frequent 
observation. It happens, however, that at the very outset of 
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our course wc arc obliged to deal Avitli observations which arc 
(ar from certain. The existence of a planet much closer to 
the sun than those hitherto known has been asserted by 
competent authority. The question is still unsettled, for the 
planet cannot at present be found. Hence it is that 
we have called the subject of this cha})ter, The Planet of 
Romance. 

It had often been thought that Menairy, long supposed to 
be the nearest planet to the sun, was perhaps not really the 
body entitled to that distin<‘-tion. Mercury revolves round the 
sun at an average distance of about »1(),0()0,000 miles. In the 
interval between it and the sun theni might have been one 
or many other planets. Inhere might have l)cen one nwolving 
at ten million miles, another at fifteen, and so on. Rut did 
such planets exist ? Did even one planet revolve inside the 
orbit of Mercury ? There were certain reasons for b(3lieving 
in such a planet, in the movements of ^fercairy indications 
were perceptible of an inlluence that it was at one time thought 
might have been accounted for by the su[)position of an interior 
planet.* But there was necessarily a great ditheulty about 
seeing this object. It must always be close to the sun, and 
even in the best telescope it is generally impossible to sec a 
starlike point in that position. Nor (‘ould such a planet be 
seen after sunset, for under the most favourable conditions it 
would set almost iTumcdiately after the sun, and a like dilliculty 
would make it invisible at sunrise. 

Our ordinary means of observing a planet have therefore 
completely failed. We arc compelled to resort to extraordinary 
methods if we Avould seek to settle the great question as to 
the existence of the intra-Mercurial planets. There are at 
least two linos of observation which might be expected to 
answer our purpose. 


* Recent investij^ations by Newcomb on the motion of l^Iorcury have led to the 
result that the hypothesis of a planet or a rinij: of very small planets between the 
orbit of Mercury and the sun cannot account for the difl'ercncc between theory and 
observation in the movements of Mercury. Harzer has come to the same result, 
and hss shown that the disturbin'^ element may possibly be the material of the 
‘Solar Corona, 
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All opportunity for the tirst would jiriso Avhen it happened 
that tlie unknown planet came directlj^ between the earth and 
the sun. In the diagram (Fig. 40) we show the sun at the 
centre; the internal dotted circle denotes the orbit of the un- 
known ])]anct, which has received the name of Vulcan before 
even its very existence has been at all satisfactorily established. 
The outer cinjle denotes the orbit of the earth. As Vulcan 
moves more rapidly than the earth, it An II frec[uently happen 
that the planet will overtake the earth, so that the three bodies 
Avill have the positions represented in the diagram. It would 
not, however, necessarily folloAv that Vulcan Avas exactly 
between the earth and the luminary. The path of the planet 
may be tilted, so that, as seen from the earth, Vulcan Avould 
be over or under the sun, according to circumstances. 

If, however, Vulcan really does exist, we might expect that 
sometimes tlui three bodies Avill be directly in line, and this 
would then give the dcjsired opportunity of making the tele- 
sco[)ic discovery of the planet. VVe should expect on such an 
ocjcasion to observe the planet as a dark spot, moving slowly 
across the face of the sun. The two other planets interior to 
the earth, namely. Mercury and Vhnus, are occasionally seen 
in (ho act of transit.; and there cannot be a doubt that if 
Vulcan exists, its transits across the sun must be more 
numerous than those of ^lercury, aiul far more numerous 
than those of V^eiius. On the other hand, it may reasonably 
be anticipated that \Tilcan is a small globe, and as it Avill be 
much more distant from us than Mercairy at the time of its 
transit, Ave could not (expect that the transit of the planet of 
romance would be at all comparable as a spectacle Avith those 
of either of the two other bodies avc have named. 

The question arises as to wh(>ther telescopic research has 
ever disclosed anything which can be regarded as a transit of 
Vulcan. On this ])oint it is not possible to speak Avith any 
certainty. It has, on more than one occasion, been asserted 
by observei-s that a spot has been seen traversing the sun, 
and from its shape and general appearance they have presumed 
it to have been an intra-Mercurial planet. But a close ex- 
amination of the circumstances in Avhich such observations 
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have been made lias not tended to increase coniidence in this 
presumption. Such discoveries have usually been made by 
persons little familiar with telescopic observations. ft is 
certainly a significant fixet that, notwithstandiniif the diligent 
scrutiny to which the sun has been subjected during tlu^ past 
century by astronomers who have specially devoted themselves 
to this branch of research, no telescopic discovery of Vulcan 
on the sun has been announced by any really experienced 



astronomer. The last announcement, of a planet having crossed 
th(‘ sun dates from 187b, and was made by a ( Jerman amateur, 
l)ut what he thought, to liave been a planet xvas promptly 
shown to have be(3n a small sun-spot, which had been photo- 
graphed at Greenwich in the course of the daily routine work, 
and had also been observed at. Madrid. From an examinat ion of 
the Avhole subject, we arc iiKjlined to believe that there is not 
at this moment any reliable telescopic evidence of the transit of 
an intra-Mercurial planet over the face of the central luminary. 

Hut there is still another method by which we might 
reasonably hope to detect now }>lanets in the vicinity of the 
sun. This method is, however, but seldom available. It 
is only possible when the sun is totally eclipsed. 
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When the moon is interposed directly between the earth 
and the sun, the brightness of day is temporarily exchanged 
for the gloom of night. If the sky be free from clouds the 
stars S[)riiig forth, and can be seen around the obscured sun. 
Even if a planet were quite close to the luminary it would 
be visible on su(*h un occasion if its magnitude wen^ com- 
parable with that of Mercury. Careful preparation is neces- 
sary when it is proposed to make a trial of this kind. The 
danger to be spec^ially avoided is that of confounding the 
planet with the ordinary stars, which it will probably resemlde. 
The late distinguished American asti‘onomer, Professor 
Watson, spe(^ially pre])ared to devote himself to this re- 
search during the notable total eclipse in 1878. When the 
eclipse (X'lairrcd tlu*- light of the sun vanished and the stars 
burst forth. Among th(‘m Prof(‘ssor Watson saw an object 
which to him seemed to be the long-sought intra-^lercurial 
planet. We should add that this observei* also saw another 
object which he at lirst thought to be the star known as Zela 
in the constellation C'ancer. Wlicn lie afterwards found that 
the recorded plaijc of this object did not agree so well as he 
exjiected with the known position of this star, he (*ixme to 
the conclusion that it could not be Zeta but must be some 
other unknown planet. The relative positions of the two ob- 
j(‘cts which he deemed to be planets agree, hoxvever, sulliciently 
Avell, consid(Ting the ditH(*ulti(^s of the observation, with the 
relativ(^ positions of tlu^ stars 1'lu‘ta and Zi'ta (.^ancri, and it 
can now hardly bo doubted that Watson merely saw these 
two stars. lie maintained, however, that he had noticed 

Theta Cancri as w(j 11 as the two planets, but without 
recording its position. Then^ is, however, a third star, 
known as 20 Cancri, lu'ar the same place, and this Watson 
probably mistook I’or Theta. It is necessary to record 

that Vhilcan has not been observed, though specially looked 
for, during the eclipses which have occairred since 1878, 

and it is ac^cordingly the general belief among astrono- 
mers that no planet has yet been detected within the 

orbit of ilercury. 
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CHAPTER VII. 

MERCUJIY. 

The Ancient Astronomical Discoveries — How ^Mercury was lirst found — Not 
easily seem — ^Mercury was known from the earliest ai^cs — Skill necessary 
in th() Discovery The Distiiuition of M<5rcury from a Star — ^lercury in 
the East and in th(5 West — The ITeiiiction— How to Observe iMercury — 
Its Telescopic ApjKNiranco — DitUculty of Observing its Aj)pearane(‘ — Orbit 
of IMcreury — V('locity of the Planet — (’an there bo Life on tlu^ l^Ianet 
— Changes in its Teniporature — 'Fransit of Hereury over the Sun — 
(Tasseiidi’s (Observations — Uotation of Mercury — d’he Weight of Mercury. 

Long and glorious is bho reoord of aslronoinical disoovtTy. 
Tlio dis('Overi(‘s of uioderii days have sucaToded ea(‘b other 
with siudi i*a|)idity, tln^y hav(‘ so often dazzled our imagina- 
tions with thc'ir brilliancy, that wc are soirudimes a])t to 
thiidc that astronomical discovery is a purely modia*n pro- 
duct. Put DO id(‘a (jould be more fimdauK'nlally wrong. 
While wo a])[)recial(^ to the utmost. th(‘ a(*hi(^vcments of 
mod('m tiiiK's, let us endeavour to do justie(', to the labours 
of the astronomers of anticjuity. 

And Avhen we speak of the astronomers of anticpiity, let 
us understand clearly Avhat is meant. The seitaiee is now 
growing so rajndly tliat (\ach century Avitiu'sscvs a surprising 
advance; each gcuuTat.ion, each decade^ ('ach yt^ar, lias its own 
renvards for tliose diligent astronomers by Avhom tlie h(Nivens 
are so carefully scanned. Wc must, how(5V(‘r, project our 
glance to a remote epoch in time past, if we would vi(nv the 
memorable discov(>ry of Mercuiry. (.Vnnpared witli it, thc^ 
discovcri(ks of Newton are to be regarded as very modern 
aehiewements ; gyoii the announcement of th(^ Copernican 
syst(an of the heavens is itsidf a rc<*ent (went in (‘oinparison 
with the detection of this planet now to he discussed. 
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By whom was this great discovery made ? Let us see 
if the question can be answered by the examination of 
astronomical records. At the close of his memorable life 
Copernicus was licard to express his sincere regret that he 
never enjoy (id an opjiortunity of beholding the planet Mer- 
cury. He had specially longed to see this body, the move- 
ments of which wore to such a marked extent illustrative of 
the theory of the celestial motions which it was his immortal 
glory to have established, but he liad never been successful. 
Mercury is not generally to bo seen so easily as are some of 
the other planets, and it may well have been that the 
vapours from the immense lagoon at the mouth of the 
Vistula obscured the horizon at Frauenburg, where Coper- 
nicus dwelt, and thus his opportunities of viewing Mercury 
were probably even rarer than they are at other places. 

The existence of Mercury was certainly quite a familiar 
fact in the time of Ccqiernicus, and therefore we must look 
to some earlier epoch for its discovery. In the scanty 

astronomical literature of the Middle Ages we find occasional 
references to the existence of this object. We can trace 
observations of Mercniry through remote centuries to the 

commencement of our era. Becords from dates still earlier 
are not wanting, until at length we come on an observation 
which has descended to us for more than 2,000 years, having 
been made in the year 265 before the Christian era. It is 
not pretended, however, that this observation records the 
discovery of the planet. Earlier still Ave find the chief of the 
astronomers at Nineveh alluding to Mercury in a report 

which he made to Assurbanipal, the King of Assyria. It 

docs not appear in the least degree likely that the discovery 
was even then a recent one. It may have been that the 
planet Avas independently discovered in tAvo or more localities, 
but all records of such discoveries arc totally wanting ; and 
we are ignorant alike of the names of the discoverers, of the 
nations to Avhich they belonged, and of the epochs at which 
they lived. 

Although this discovery is of such vast antiquit}^ although 
it was made before correct notions were entertained as to the 
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true system of the universe, and, it is needless to add, long 
before the invention of the telescope, yet it must not be 
assumed that the detection of Mercury was by any means a 
simple or obvious matter. This will be manifest when we 
try to conceive the manner in which the discovery must 
probably have been made. 

Some pririiicval astronomer, long familiar with the heavens, 
had learned to recognise the various stars and constellations. 
Experience had impressed upon him the permanence of these 
objects ; he had seen that Sirius invariably appeared at the 
same seasons of the year, and he had noticed how it was placed 
with regard to Orion and the other neighbouring constellations. 
In the same manner each of the other bright stars was to him a 
familiar object always to be found in a particular region of 
the heavens. He saw how the stars rose and set in such a 
way, that though each star appeared to move, yet the relative 
])ositions of the stars were incapable of alteration. No doubt 
this ancient asti’onouier was acquainted with Venus; he knew 
the evening star; he knew the morning star; and he may 
have concluded that Venus was a body which os(;illated from 
one side of the sun to the other 

VVe can easily imagine how the discovery of Mercury was 
made in the clear skies over an Eastern desert. The sun 
has set, the brief twilight has almost ceased, when lo, near 
that part of the horizon where the glow of the setting sun 
still illuminates the sky, a bright star is seen. The primaeval 
astronomer knows that there is no bright star at this place 
in the heavens. If the object of his attention bo not a star, 
what, then, can it be ? Eager to examine this question, the 
heavens are watched next night, and there again, higher 
above the horizon, and more brilliant still, is the object seen 
the night before. Each successive night the body gains more 
and more lustre, until at length it becomes a conspicuous 
gem. Perhaps it will rise still higher and higher; perhaps 
it will increase till it attains the brilliancy of Venus itself. 
Such were the surmises not improbably made by those who 
first watched this object; but they were not realised. After 
a few nights of exceptional splendour the lustre of this 



158 


THE ETORY OF THE HEAVENS. 


mysterious orb deeliiies. The planet again draws near the 
horizon at sunset, until at length it sets so soon after the 
sun that it has beeome invisible. Is it lost for ever ? Years 
niay elapse before another opportunity of observing the object 
after sunset may be available ; but thcai again it will be seen 
to run through thcj same series of (thanges, though, perhaps, 
under very ditferent circumstances. The greatest height above 
the horizon and the greatest brightness both vary considerably. 

Long and careful observations must have been made before 
the prinueval astronomer could assure himself that the various 
appearances might idl be attributed to a single body. In the 
Eastern deserts the phenomena of sunrise must have been 
nearly as familiar as those of sunset, and in the clear skies, 
at th(j point where the sunbeams were commencing to dawn 
abov(‘- the horizon, a bright starlike ])oiiit- might sometimes be 
perceived. Each siutcessivc day this object rose higher and 
higher above the horizon before^ the moment of sunrise, and 
its lustre increased with the distance'; then again it woidd 
draw in towards th(^ sun, and return for many months to 
invisibility. Sm^h w('re the data which Averc presented to the 
mind of the ])riniitive astronomer. One body Avas seen after 
sunset, another body Avas scum before sunrise. To us it may 
seem an obvious inten'uce from the obsi’rved facts that the 
two bodi('s Avere identical. The in fenme^e is a. correct one, 
but it is in no sense an obAnoiis one. Long and patient 
observation established the nanarkable law that on<^ of these 
bodi(^s Avas ncAaT se(‘n until the oth<T had disappt'ared. Hence 
it Avas intcn*(‘d that the phenomena, both at sunrise and at 
sunset, Aven' due to the same body, Avhich oscillated to and 
fro about the sun. 

We can easily imagine that the announcement of the 
identity of these two objects Avas one Avhich Avould have to 
be carefully tested before it could be accepted. Hoav are the 
t('sts to b(' a])plied in a case of this kind ? There can hardly 
be a doubt that the most comph'to and conviiuang dciiionstra- 
tion of scitmtiiic fruth is found in the fulfilment of prediction. 
Wlnm j\lcrcury had been observed for years, a certain regularity 
in the recurrence of its visibility was noticed. Once a periodicity 
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luul been fully established, prediction became possible. The 
time when Meniury would be seen after sunset, the time 
when it would be seen before simris(>, could be foretold with 
accuracy ! When it was found that these predictions were 
obeyed to the l(3tter— that the planet was always seen when 
looked for in accordance with the predictions — it was impossible 
to refuse assent to the hypothesis on which these pre(li(;tions 
wore based. Underlying that hypothesis was the assumption 
that all the various appearances arose from the oscillations 
of a single body, and hencic the discovery of Mercury was 
established on a basis as linn as the discovery of Jupiter or 
of Venus. 

Jn the latitudes of the British Islands it is generally 
possible to see Mercury some time during the course of the 
year. It is not practicjable to lay down, within rcMsoiiable 
limits, any general rule for finding the dates at which the 
search should be made; but the student who is determined 
to see the planet will g(3nerally succeed with a lit 1 1(3 pati(*n(3e. 
Tie must first consult an almanac which gives tb(5 positions 
of the body, and select an occasion when Mcrcairy is stated 
to be an evening or a morning star. Such an occ-asion during 
the spring months is es])ccially suitable, as the elevation of 
Mercury above the horizon is usually greater then than at 
other s( 3 asons ; and in the evening twiligdit, about tbreo- 
(juarters of an hour after sunset, a view of this shy but 
beautiful objec'l will reward the observ(‘r’s attention. 

To those astronomers who are provid(3d with dcpiatorial 
telescopes sm.-h instructions arc imneccssaiy. To <aijoy a 
telescopic view of Mercury, we first turn to the Nautical 
Almanac, «and lind the position in whidi the planet, Ii(‘s. If 
it ha]3pen to be above the horizon, we can at onc(3 dire('t, the 
telescope to the place, and even in broad daylight the planet 
will very often be seen. The telescopi(3 appearanc.e of Mei*ciny 
is, however, disappointing. Though it is much larg('r than 
the moon, yet it is sufficiently fir off to seem insignificant. 
There is, however, one feature in a view of this planet whi(‘h 
would immediately attract attention. Mercury is not usually 
observed to be a circular object, but more or less crescent- 
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shaped, like a miniature moon. The phases of the planet 
are also to be accounted for on exactly the same principles 
as the phases of the moon. Mercury is a globe composed, 
like our earth, of materials possessing in themselves no source 
of illumination. One hemisphere of the planet must necessarily 
be turned towards the sun, and this side is accordingly lighted 
up brilliantly by the solar rays. When Ave look at Mercury 
we see nothing of the non-illuminated side, and the crescent 
is due to the lore-shortened view Avhich we obtain of the 



Fig 'll. — The Movement of Mcrctiry, sliowing the Variations in Phase and in 

apparent size. 


illuminated part. The planet is such a small object that, in 
the glitter of the naked-eye view, the shape of the luminous 
body cannot be defined. Indeed, even in the much larger 
crescent of A^enus, the aid of the telescope has to be invoked 
before the characteristic form can bo observed. Beyond, how- 
ever, the fa(;t that Mercury is a crescent, and that it undergoes 
varying phases in correspondence with the changes in its relative 
position to the earth and the sun, wo cannot see much of 
the planet. It is too small and too bright to admit of easy 
delineation of details on its surface. No doubt attempts have 
been made, and observations have been recorded, as to certain 
very faint and indistinct markings on the planet, but such 
statements must be received Avith great hesitation. 

The facts Avhich have been thoroughly established with 
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regard to Mercury are mainly numerical statements as to the 
path it describes around the sun. The time taken by the 
planet to complete one of its revolutions is eighty-eight (lays 
nearly. The average distance from the sun is about 80, 000, 000 
miles, and the mean velocity with whicth the body moves is 
over twenty -nine miles a second. We have already alluded 
to the most characteristic and remarkable feature of the orbit 
of Mercury. That orbit differs from the paths of all the 



Fig, 42. — Mercury jis a Crescent. 


other large planets by its much greater departure Ironi the 
circular form. In the majority of cases the planetary orbits 
are so little elliptic that a diagram of the orbit drawn accurately 
to scale would not be perceived to diftbr Irom a circle unless 
careful measurements were made. In the case of Mercury the 
circumstances are different. The elliptic form of the path 
would bo quite unmistakable by the most casual (observer. 
The distance from the sun to the planet fluctuates between 
very (Considerable limits. The lowest value it can attain is 
about 29,000,000 miles ; the highest value is about 48,000,000 
miles. In accordance with Kepler’s se^tond law, the velocity 
of the planet must exhibit (jorresponding changes. It must 
sweep rapidly around that part of his path near the sun, and 
more slowly round the remote parts of his path. The greatest 
L 
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velocity is about thirty-live miles a second, and the least is 
twenty-tlirce mihis a second. 

For an adequate coiuji^ption oi* the movements of Mercury 
we oujL^dit not to dissociate the velocity from the true dimen- 
sions of‘ tlie body by which it is performed. No doubt a 
speed of twenty-nine miles a second is enormous wlicn com- 
pared with the velocities witli which daily lih^ makes us 
familiar. The speed of the planet is not less than a hundred 
tinu's as great as the velocity of the rifle bullet. Jhit when 
we eoinpare the sizes of the bodies with their velocities, the 
velocity of Mercury sc'cms relatively miadi l(\ss than tliat of 
the bullet. A ritle bullet traverses a distance e(|ual to its own 
diameter inaii}^ thousands of times in a second. Jhit even 
though Mercury is moving so uuhjIi faster, yet the dimensions 
of the ])lanel arc so considerable that a period of two minutes 
will 1)(‘ required for it to move through a distance equal to 
its diameter. \'icwing the globe of the planet as a whole, the 
velocity of its movement, is but a stately and dignified progress 
appropriale to its dimensions. 

As Ave (;an learn little or nothing of the true surface of 
M(;rcury, it is utterly impossible for us to say whether life 
can exist on the surbxcc of that planet. AVe may, however, 
reasonably conclude that then^ (‘annot be life on Mercury 
in any respect analogous to the life which avc know on the 
earth. The heat of the sun and the light of the sun beat 
down on Mercury with an intensity many times greater than 
that whi('h w(^ (experience. When this planet is at its utmost 
distance from the sun the intensity of solar radiation is even 
tlaui more than four times greater than the greatest heat 
which ev(T reacdu's the earth. I>ut when Mercury, in the course 
of its rcinarkablo changes of distance, draAVS in to the warm- 
est part of its orbit, it is exposfM to a terrific; scorching. The 
intensity of the sun’s heat must then be not less than nine 
times as great as the greatest radiatiem to Avdiich avc arc 
exposed. 

These trcnuaidous climatic changes succeed each other 
much more rapidly than do the variations of our seasons. 
On Mercury the interval between midsummer and midwinter 
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is only forty-four days, while the whole year is only eij^hty- 
oij^ht days. Such rapid variations in solar heat must in thein- 
s(‘lves exereise a ])rofoiind effect on the habitability of M(‘r(airy. 
Mr. Ledger well n'.niarks, in his interesting work,* that if 
there bo inhabitants on Mercury the notions of perilielion ’’ 
and “ aphelion,” which are here often regarded as ex])ressing 
ideas of an intricate or recondite character, must on the sur- 
fa(;o of that planet Ixj familiar to everybody. Yho words imply 
near the sun,” and “away from the sun;” but we do not 
associate these expressions with any obvious phcnoim^na, 
l)e('aus(^. the change's in the distance', of the earth from the 
sun are imionsidcrahle. Ihit on M(‘rcury, where in six weeks 
the sun ris(‘s to more than double his apparent sizi', and gives 
inoni than double the (quantity of light and of heat, sncli 
changes as are sigiutled by perihelion and aplndion emliody 
ideas obviously and intimately connected with the whole 
economy of the ])lanet. 

It is nevertheless rash to found any inferences as to 
chinale mendy U])on the ])roximily or the remoteness of the 
suii. (dlimate depends upon other matters besides the sun’s 
distance. The atmosphere surrounding the earth has a ])ro- 
(oiind influeneci on heat and cold, and if Mercury have an 
atmosphere — as has oftiJii been supposed — its (dimate may be 
lher(d)y modified to any necc'ssary extent. It seems, however, 
hardly possible to suppose that any at.mosphen'. could form 
an adeipiato protection for the inhabitants from the vi(dent 
and rapid fluctuations of solar radiation. All avo (*an say is, 
tliat the problem of life in Mercury belongs to the class of 
unsol\( 3 d, and perhaps unsolvabh', mysteries. 

It was in the year KJiZI) that Kepler made an important 
nuioimcement as to impending astronomical events. He had 
studying profoundly the movements of the planets ; and 
li'oui his study of the past he had ventured to ju’edict the 
I'hure. Kepler announced that in the year 1031 the ])lanets 
\ enus and Mercury would both make a transit across the sun, 
■^*^d he assigned the dates to be Newember 7th for Mcnairy, 
and December Gth for Venus. This was at the time a very 

* ‘‘The Sun : its Planets, and their Satellites.” London: 1882 (page 147). 
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remarkable prediction. We are so accustomed to turn to our 
almanacs and learn from them all the astronomical phenomena 
which are anticipated during the year, that we arc apt to forget 
liow in early times this was impossible. It has only been by 
slow degrees that astronomy has been rendered so perfect as 
to enable us to foretell, with accuracy, the occurrence of the 
more delicate phenomena. The prediction of those transits 
by Kepler, some years before they occurred, was justly regarded 
at the time as a most remarkable achievement. 

The illustrious Gassendi prepared to apply the test of 
actual observation to the announcements of Kepler. We can 
now assign the time of the transit ae.curately to within a few 
minutes, but in those early attempts equal precision was not 
practicable. Gassendi considered it necessary to commene.e 
watching for the transit of Mercury two whole days before 
the time indicated by Kepler, and ho had arranged an in- 
genious plan for making his observations. The light of the 
sun was admitted into a darkened room through a hole in 
the shutter, and an image of the sun was formed on a white 
screen by a lens. This is, indeed, an admirable and a very 
pleasing way of studying the surface of the sun, and even 
at the present day, with our best telescopes, one of the 
methods of viewing our luminary is founded on the same 
principle. 

Gassendi commenced his watch on the 5th of Novembei*, 
and carefully studied the sun’s image at every available oppor- 
tunity. It was not, however, until five hours after the time 
assigned by Kepler that the transit of Mercury actually com- 
menced. Gassendi’s preparations had been made with all the 
resources which he could command, but these resources seem 
very imperfect when compared with the appliances of our 
modern observatories. He was anxious to note the time when 
the planet appeared, and for this purpose he had stationed 
an assistant in the room beneath, who was to observe the 
altitude of tho sun at the moment indicated by Gassendi. 
The signal to the assistant was to be conveyed by a very 
primitive apparatus. Gassendi was to stamp on the floor 
when the critical moment had arrived. In spite of the long 
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delay, which exhausted the patience of the assistant, sotiie 
valuable observations were obtained, and thus the first passage 
of a planet across the sun was observed. 

The transits of Mercury are not rare phenomena (there 
were thirteen of them during the nineteenth century), and 
they are chiefly of importance on account of the accuracy 
Avliich their observation infuses into our calculations of the 
inovcments of the planet. It has often been ho])cd that the 
opportunities aflbrded by a transit would be ai^ailable for pro- 
curing information as to the physical character of the globe 
of ^^lercury, but these hopes liave not been realised. 

Spectroscopic observations of Mercury are but scanty. They 
seem to indicate that water vapour is a ])robable constituent 
in the atmosphere of Mercury, as it is in our own. 

A distinguished Italian astronomer, Professor Schiaparelli, 
some years ago announced a remarkable discovery with respect 
to the rotation of the planet Mercury. Ho found that the 
planet rotates on its axis in the same period as it revolves 
round the sun. The practical consequence of the identity 
between these two periods is that Mercury always turns the 
same face to the sun. If our earth were to rotate in a 
similar fiishion, then the hemisphere direc.ted to the sun 
would enjoy eternal day, while the opposite hemisphere would 
be relegated to perpetual night. According to this discovery 
Mercury revolves round the sun in the same way as the 
moon revolves around the earth. As the velocity with which 
Mercury travels round the sun is very variable, owing to the 
highly elliptic shape of its orbit, while the rotation about its 
axis is performed with uniform speed, it follows that rather 
more than a hemisphere (about live-eighths of the surface) 
enjoys more or less the light of the sun in the course of a 
Mercurial year. 

This important discovery of Scliiaparelli has been con- 
tirmed by the well-known American astronomer, Mr. Pcrcival 
howell, who observed the planet under very favourable con- 
ditions with a refractor of twenty-four inches aperture. He has 
<lotected on the globe of Mercury certain narrow, dark lines, 
die very slow shifting of which points to a period of rotation 
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about its axis exactly coincident with the period of revolution 
round the sun. The same observer shows that the axis of 
rotation of ^lercury is j)erpondicular to the plane of the orbit. 
Mr. Lowell has perceived no si^n of clouds or obscurations, 
and indeed no indication of any atmospheric envelope ; the 
surface of Mercury is (colourless, “ a ii^eojifraphy in black and 
white.” 

We may assert that there is a stront^ d priori probability 
in favour of the reality of Schia))arelli’s discovery. Mercury, 
being one of the planets devoid of a moon, will be solely 
influenced by the sun in so far as tidal phenomena arc <^on- 
cicrned. Owing, nioreovcr, to the ])roxinuty of Mercury (o 
the sun, the solar tides on that plaiud. possess an especial 
vehemence. As the tendency of tides is to make Menairy 
present a (constant face to the sun, thenc need be little hesi- 
tation in accepting testimony that tides have wrouglit exactly 
the result that we know they were competent to perforin. Tt, 
must, however, be admitted that in a matter recpiiring siuch 
excessively delicate observation, a certain amount of hesitation 
in accepting Schiaparelli’s dis(covery is not unreasonable. 

Here wc take leave of the planet Mercury — an interesting 
and beautiful object, which stimulates our intellectual curi(xsity 
while at the same time it eludes our attempts to make a 
closer acquaintance. There is, however, one point of attain- 
able knowledge which we must mention in conclusion. It is 
a difhccult, but not by any means an impossible task to weigh 
Mercury in the celestial balojice, and determine his mass in 
(comparison with the other globes of our system. This is a 
de]i(cate operation, but it leads us through some of the most 
interesting paths of astronomical discovery. The weight ot 
the planet, as recently determined by Backlund, is about one 
thirty-second part of the weight of the earth, but the result 
is more uncertain than the determinations of the mass of any 
of the other larger planets. 
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Interest attaching to this l*lanot — The Unexpectedness of its Appearance— The 
Evc^ning Star — Visibility in Daiylight — Lighted only by the Sun -Tli.* Ehusod 
of Venus — Why the Crescent is not Visible to the Unaided Ey(! — Variations 
in (ho Apparent Size of the Planet — The Rotation of \’enus --Rosemblanc(‘. of 
Venus to the Earth — The Transit of Venus — Why of such Esi)ecial Interest— 
The Scale of the Solar System — Orbits of the Earth and Venus not in the 
same J^lane — Recurrence of the Transits in Pairs — Appearance of Vcinis in 
Transit — Transits of 1874 and 1882— The Early Transits of 1631 and KidO — 
'rhe Observations of i lorrocks and Crabtree -I'ho Announcement of Halley — 
How the Track of the Planet dilfers from Different IMaccs — Illustrations of 
Parallax — V^jyage to Otaheite — d’he Result of Encke— Probable Value of the 
Sun’s Distance — Observations at Dunsink of the Last 'Pransit of Venus — 
'Phe Question of an Atmosphere to Venus — Other D(it(‘rmination8 of the Sim’s 
Distance — Statistics about Vemus. 

I r might, for one reason, have been not inappropriate to have 
i'ommenced our review of the planetary system by the 
description of the planet A^enibs. This body is not especially 
remarkable for its size, for there are other planets hundreds 
of times larger- The orbit of Venus is no doubt larger tliaii 
that of Mercury, but it is much smaller than that of the 
outer planets. Venus has not even the splendid retinue ot 
minor attendants which gives such dignity and such interest 
to the mighty planets of our system. Yet the fact still 
remains that Venus is peerless among the planetary host. 
Wo speak not now of celestial bodies only seen in the tele- 
•^eopc; we refer to the ordinary observation which detected 
\ enus ages before telescopes were invented. 

Who has not been delighted with the view of this glorious 
object? It is not to be seen at all times. For months togcthi^r 
the star of evening is liiddcn from mortal gaze. Its beauties 



168 


THE STORY OF THE HEAVENS. 


are even enhanced by the caprice and the uncertainty which 
attend its appearance. We do not say that there is any 
caprice in the movements of Venus, as known to those who 
diligently consult their almanacs. The movements of the 
lovely planet are there prescribed with a prosaic detail hardly 
in harmony with the character usually ascribed to the Goddess 
of Love. But to those who do not devote particular attention 
to the stars, the very unexpectedness of its appearance is 
one of its greatest charms. Venus has not been noticed, not 
been thought of, for many months. It is a beautifully clear 
evening ; the sun has just set. The lover of nature turns to 
admire the sunset, as every lover of nature will. In the 
golden glory of the west a beauteous gem is seen to glitter ; 
it is the evening star — the planet Venus. A few weeks later 
another beautiful sunset is seen, and now the planet is no 
longer a point low down in the Avestern glow : it has risen 
high above the horizon, and continues a brilliant object long 
after the shades of night have descended. Again, a little later, 
and Venus has gained its full brilliancy and splendour. All 
the heavenly host — even Sirius and even Jupiter — must pale 
before the splendid lustre of Venus, the unrivalled queen of 
the lirinament. 

After Aveeks of splendour, the height of Venus at sunset 
diminishes, and its lustre begins gradually to decline. It sinks 
to invisibility, and is forgotten by the great majority of man- 
kind ; but the capricious goddess has only moved from one 
side of the sky to the other. Ere the sun rises, the morning 
star Avill be seen in the east. Its splendour gradually aug- 
ments until it riA^als the beauty of the evening star. 
Then again the planet draAvs near to the sun, and remains 
lost to view for many months, until the same cycle of 
changes recionn nonces, after an interval of a year and seven 
months. 

When Venus is at its briglitest it can be easily seen in 
broad daylight with the unaided eye. This striking spectacle 
proclaims in an unmistakable manner the unrivalled supremacy 
ol’ this planet as compared Avith its fellow-planets and Avith 
the fixed stars. Indeed, at this time Venus is from forty 
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to sixty times more brilliant than any stellar object in the 
northern heavens. 

The beautiful evening star is often such a very conspicuous 
object that it may seem difficult at first to realise that the 
body is not self-luminous. Yet it is impossible to doubt that 
the planet is really only a dark globe, and to that extent 
res(?mbles our own earth. The brilliance of the planet is 
not so very much greater than that of the earth on a sun- 
shiny day. The splendour of Venus entirely arises from the 
rctlectcd light of the sun, in the manner already explained 
with respect to the moon. 

W'e cannot distinguish the characteristic crescent shape 
of the planet with the unaided oyo, which merely shows a 
brilliant point too small to possess sensible form. This is to 
be explained on physiological grounds. The optical (jontri- 
VfUices in the eye form on the retina an imago of the planet 
which is necessarily very small. Even when Venus is nearest 
to the earth the diameter of the planet subtends an angle 
not much more than one minute of arc. On the delicate 
nienibrane a picture of Venus is thus drawn about one 
six- thousandth part of an inch in diameter. Great as may be 
the delicacy of the retina, it is not ade(piate to the perception 
of form in a picture so minute. The nervous structure, which 
lias been described as the source of vision, forms too coarse 
a canvas for the reception of the details of this tiny picture. 
Hence it is that to the unaided eyo. the brilliant Venus 
appears merely as a bright spot. Ordinary vision cannot 
tell what shape it has ; still less can it reveal the true beauty 
of the crescent. 

If the diameter of Venus were several times as groat as 
it actually is ; were this body, for instance, as large as Jupiter 
or some of the other great planets, then its crescent could be 
readily discerned by the unaided eye. It is curious to speculate 
on what might have been the history of astronomy had Venus 
only been as large as Jupiter. Were everyone able to see 
the crescent form without a telescope, it would then have 
i’ecii an elementary and almost obvious truth that \ enus 
nuist be a dark body revolving round the sun. The analogy 
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between Venus and our earth would have been at once per- 
ceived ; and the doctrine which was left to be disciovered by 
(Copernicus in comparatively modern times might not improbably 
have been handed down to us with the other discoveries whi(‘-li 
have come from the ancient nations of the East. 



Fig. 43.— Venus, May 29th, 1880. 


Perhaps the most perfect drawing of Venus that has 
been hitherto obtained is that made (Eig. 4.S) by l^rofessor 
E. E. Barnard, on 29th May, 1889, with a 12-inch equatorial 
at the Lick Observatory, which for this purpose and on tliis 
occasion Professor Barnard found to be superior to the 86-inch. 
The markings shown seem undoubtedly to exist on the planet 
and in 1897 Professor Barnard writes: “The circumstances under 
which this drawing was made are memorable with me, for I 
never afterwards had such perfect conditions to observe Venus. 
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In Fig. 44 Avc show three views of Venus under ditlbrent 
:ist)ccts. The planet is so much closer to tlui earth when tlie 
(irescjcnt is seen, that it appears to bo part of a much larger 
(circle than that made by Venus when more nearly full. Tliis 
drawing shows the different aspects of the globe in their true 
nilative ])roportions. It is very difficult to perceive distinctly 
any markings on the brilliantly lighted surface. Sometimes 
observers have seen spots or other features, and occasionally 
tb(^ pointed extremities of the horns have been irregular, as 
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if to show that the surface of V^enus is not smooth. Some 
observers report having s('en wliite spots at the poles of Venus, 
in some degree resembling the more (^onspiciuous features of 
the same character to be seen on Mars. 

As it is so very difficult to s<^c any markings on Venus, 
we are hardly yet able to give a dcHnite answer to the important 
<luestion as to the period of rotation of this planet round its 
axis. Various observers during the last two hundred years 
have from very insufficient data (^omdiidcd that Venus rotated 
in about twenty-three hours. Schiaparelli, of Milan, turned 
his attention to tliis planet in 1S77 and noticed a dark shade 
Old two bright spots, all situated not far from the southern 
<^nd of the crescent. This most painstaking astronomer watched 
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those inarkings for three months, and found that there was 
no (diange perceptible in the position which they occupied. 
This was particularly the case when he continued his watch for 
some (tonseciitivo hours. This fact seemed to show conclusively 
that Venus could not rotate in twenty-three hours nor in any 
other short period. Week after week the spots remained un- 
altered, until S(ihiapai*(dli felt convinced that his observations 
could only be rec^oncilcd with a period of rotation between si.\ 
and liirui months. He naturally concluded that the period was 
225 days — that is to say, the period which Venus takes to 
complete one revolution round the sun: in other words, Venus, 
like Mercury, always turns th(i same face to the sun. 

This remarkable result was confirmed by observations made 
at Nice; but it has been vigorously assailed by several observers, 
who maintain that their own drawings can oidy agree with 
a period about equal to that of the rotation of our own earth. 
Schiaparelli’s restdt is, however, well supported by Mr. Perci- 
A^al Lowell. He has published a number of drawings of Venus 
made with his 24-inch refractor, and he finds that the rotation 
is performed in the same time as the planet’s orbital revolution, 
the axis of rotation being perpendicular to the plane of the 
orbit. The markings seen by Mr. Lowell were long and 
streaky, and they were always visible whenever his own 
atmospheric conditions were fairly good. 

We have shown that the moon revolves so as to keep the 
same face always turned towards the earth. Wo have now 
seen that the planets A'enus and Mercury each appear to revolve 
in such a way that they keep the same face towards the sun. 
All these phenomena are of profound interest in the higher 
departments of astronomical research. They are not mere 
coincidences. It lias been already mentioned that they arise 
from the tides, wdiich form the subject of a later chapter. 

It happens that our earth and \’enus are very nearl}' 
equal in bulk. The difference is hardly perceptible, but the 
earth has a diameter a few miles greater than that of Venus. 
There are indications of the existence of an atmosphere arouiul 
Venus, and the evidence of the spectroscope shows that watci* 
vapour is probably present. 
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If there be oxygen in the atmosphere of Venus, then it 
would seem possible that there might be life on that globe not 
essentially different in charaijter from some forms of life on the 
earth. No doubt the sun’s heat on Venus is greatly in excess 
of the sun's heat with which we are acquainted, but this 
is not an insuperable difficulty. We see at present on 
the earth, life in very hot regions and life in very cold 
regions. Indeed, with each approach to the Equator we find 
life more and more exuberant ; so that, if water be present on 
the surface of Venus and if oxygen be a constituent of its 
atmosphere, we might expect to find in that planet a luxuriant 
tropical life, of a kind perhaps analogous in some respects 
to life on the earth. 

In our account of the planet Mercury, as well as in the 
brief description of the hypothetical planet Vhilcan, it has 
been necessary to allude to the phenomena presented by the 
transit of ji planet over the face of the sun. Siufii an event 
is always of interest to astronomers, and especkdly so in the 
case of Venus. We have in recent years had the opportunity 
of witnessing two of those rare occurrences. It is perhaps not 
too much to assert that the transits of 1874 and 1882 have 
received a degree of attention never before ac(Jorded to any 
astronomical phenomenon. 

The transit of V^enus cannot be described as a very striking 
or beautiful spectacle. It is not nearly so fine a sight as a 
great comet or a shower of shooting stars. Why, then, is 
the transit regarded as of so much scientific inq^ortance ? It 
is because the phenomenon helps us to solve one of the greatest 
problems which has ever engaged the mind of man. By the 
transit of Venus wc may determine the scale on which our 
solar system is constructed. Truly this is a noble problem, 
ket us dwell upon it for a moment. In the centre of our 
system we have the sun — a majestic globe more than a 
million times as large as the earth. Cireding round the sun 
we have the planets, of which our earth is but one. There 
are hundreds of small planets. There are a few comparable 
with our earth; there are others vastly surpassing the earth. 
Besides the planets there are other bodies in our system. 
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Many of tlio planets arc accompanied by systems of rcvolvini^ 
moons. Tlun’c iivo hundreds, perhaps tlunisaiids, of comets. 
Each memher of this stupendous host movies in a prescribed 
orbit around tli(j sun, and (*olle(*-tivcly they form the solar 
system. 

It is (H)mparatively easy to h'arn tlie proportions of this 
system, to nu'asun^ tlu^ r(‘lative distaiua's of tlu'. ])]anets from 
th(i sun, and even the relative sizes of the planets themselves. 
Pec'uliar (lifHe.ult ies are, liowa'ver, expta*ieneed when we seek 
to aseerta/m the ax*,tual sizr of th(‘ system as Avell as its shape. 
It is this latter question which the transit of Vcaius oilers us 
a method of solvinuf. 

Look, for instance, at an ordinary maj) of Europe. We 
see the various ('oimtries laid down with precision: w(' (am 
tell the cours(^s ol‘ the rivei's : we vim say that Erance is larger 
tha-n Ln<4*land, and llussia larjjfer than Erance; but no matter 
how ])orfectly the maj) be (tonstructed, something else is 
lUM'Cssary hedbre we can have a complete conception of thv 
dimensions of the (a)nntay. We must, know the sralr oh u'lrirh 
thr DKtp V.s* (IvairH. The ma]) (contains a referen(*.c line with 
certain marks upon it. ddiis liiui is t,o give the scale of the 
map. Its duty is to tell us that an iudi on the maj) corresponds 
with s(^ many miles on the actual surface. Euless it be 
supphaiiented hy the scaky the map would be (juite usel(‘ss 
tor many pur|)os(ys. Suppose that Ave consulted it in order 
to (dioose a route from Jjondon to Vienna, Ave can see at oiuai 
the diroeticAn to be taken and the various toAvns and countri(‘s 
to be ti’avcrsed ; but unless Ave reder to the little scale in the 
corner, tlu^ maj) Avill not tcdl how many miles long the journey 
is to he. 

A nui]) of the solar system can bo readily constructed. We 
can (IraAv on it the orbits of some of the planets and of their 
satellites, and aa^o can inclmhi many (Af the (comets. We can 
assign to the [)lanets and to the orbit, s their pi'oper prcAportions. 
But to render llie map quite ('fli(*ient something mcAre is 
necessary. We must have the scale Avhich is to tell us Iuaav 
many millions of miles on the heavens correspond to one 
imdi of the map. It is at this poii\t avo encou!iter a difficulty. 
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There arc, however, several ways of solving the problem, though 
(lu'yaro all diilhailt and laborious. The most celebrated method 
, though far from the best) is that presented on an o(icasiou 
of the transit of N'enus. Herein, then, lies the importance of 
(liis rare event. It is one of the best-known means of hnding 
tlie actual scale on which our system is constructed. Observe 
the full importance of the problem. Once the scale has l)een 
(h'termined, then all is known. We know the si/e oi tlui 
sun; wo know his distance; we know the bulk of Jupiter, 
and the distances at which his satellites revolve ; we know 
the dimensions of the comets, and the number of ]nil(\s to 
wiiicli they recede in their wanderings; we know the velocity 
of the shooting stars; and we learn the im[)ortanl. lesson 
that, our earth is but one of the minor membei’s of the 
suii's family. 

As the path of Venus lies inside that of the earth, and 
as \'enus moves more qui(Jdv than the earth, it follows that 
th(‘ (Mirth is frequently passed by the planet, and just at the 
(n’itical moment it will sometimes happen that the earth, the 
planet, and the sun lie in the same straight line. We (mui 
I hen see A'eiius on 'the face of the sun, and this is the 
j'henomeiKui which wo call the trdnsU of IV/mcs*. It is, indeed, 
([iiiie plain that if the three bodies were exaculy in a line, 
Ml observer on the earth, looking at the planet, would see 
it brought out vividly against the brilliant background of 
tlic sun. 

Considering that the earth is overtaken by Vhims once 
every nineteen months, it might seem that the transits of 
the ])lanet should occur with (Mrrcsponding frequency. This 
i'^ not the case; the transit of \'cnus is an exnjeedingly rare 
‘X'curreime, and a hundred years or more will often elapse 
without a single one taking phute. The rarity of these 
]>henomena arises from the fact that the path of the planet 
i^ inclined to the plane of the earths orbit; so that for half 

its path Venus is above the plane of the earth’s orbit, 
‘Old in the other half it is below. Wlum Venus overtakes 
the earth, the line from the earth to Venus will therefore 
Msually pass over or under the sun. Tf, however, it should 
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liappen that W^iiiis overtakes the earth at or near either oi 
the points in wliich the plane of the orbit of Venus passes 
through that of the earth, then the three bodies will be in 
line, and a transit of \^3nus will be the consc(|uence. TIk* 
rarity of the occurrence ot a transit need no longer be n 
luystery. The earth passes through one of the critical parts 
every December, and through the other every June. If it 
liappcns that the coiij unction of Venus occurs on, or close 
to, June ()th or Dec.ember 7th, then a, transit of A'enus will 
occur at that conjunction, but in no other circumstances. 

'Jdie most remarkabUi law with reference to the repetition 
of the phenomenon is tlu^ well-known eight-year interval. 
The transits may be all grouped together into pairs, the two 
tninsits of any single pair being separated by an interval i)f 
eight years. I^'or instance, a transit of Venus took place iji 
17()1, and again in 1709. No further transits occurred until 
those witnessed in l(S74 and in l(StS2. Then, again, comes a 
long interval, for the next transit will not occur until 2004, but 
it will be followed by another in 2012. 

This arrangement of the transits in pairs admits of a very 
simph) explanation. It happens that the perioditi time oi’ 
\"cnus bears a remarkable relation to the periodic time of the 
earth. The planet accomplishes thirteen revolutions around 
the sun in very nearly the same time that the earth requires 
for eight revolutions. If, therefore, Venus and the earth wore 
in line with the sun in 1874, then in eight years more the 
earth will again be found in the same ])lace ; and so will 
Venus, for it has just been able to accomplish thirteen revolu- 
tions. A transit of \"enus having occurred on the first occasion, 
a transit must also occur on the second. 

It is not. however, to be supposed that every eight years 
the planets will again resume the same position with sufficieut 
precision for a regular eiglit-year transit interval. It is only 
approximately true that thirteen revolutions of Venus arc 
coincidemt with eight revolutions of the earth. Each rc- 
curnmcc of conjumaion takes jdace at a slightly different; 
position of the planets, so that when the two planets came 
together again in the year 1890 the jioint of conjunctimi 
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was so far removed from the critical point that the hue from 
the earth to Venus did not intersect the sun, and thus, although 
Venus passed very near the sun, yet no transit took place. 



Fig. 45. — Veuus on the Sun at tlic Transit of IS71. 


Fig. 45 represents the transit of Venus in 1874. It is 
tiiken from a ]diotograph obtained, during the o(a 3 urrenee, by 
J anssen. His telescope was directed towards the sun 
'kiring tlio eventful minutes while it lasted, and thus an 
'Juage of the sun Avas depicted on tlie ])hotogra})hic ]dato 
]»la(!ed in the telescope. The large circle represents the 
of the sun. On that disc we sec the round, sharj) image 


M 




178 


THE HTOJIY OF THE HEAVENS. 


of Venus, showing the characteristic appearance of the planet 
during the progress of the transit. The only other features 
to bo noticed are a few of the solar spots, rather dimly 
shown, and a network of lines which were marked on a glass 
plate across the field of view of the telescope to facilitate 
measurements. 

The adjoining sketch (Fig. 46) exhibits the course which the 
planet pursued in its passage across the sun on the two occasions 
in 1(S74 and 1882. Our generation lias had the good fortune to 
witness the two occurrences indicated on this picture. The 
white circle denotes the disc of the sun ; after the first contact 
the planet crosses the sun s margin and gradually encroaches on 
the brilliant surface. Slowly but steadily the planet advances 
until the phase of second contact, when after about half-an-hour 
the black disc is entirely visible. Slowly the planet wends 
its way across, followed by hundreds of telescopes from every 
accessible part of the globe whence the phenomenon is visible, 
until at length, in the course of a few hours, it emerges at 
the other side. 

It will bo useful to take a brief retrospect of the diftereiit 
transits of Venus of whicdi ther(^ is any historicjal re(Jord. 
They are not numerous. Hundreds of such phenomena have 
occui’red since man first came on the earth. It was not 
until the approach of the year 1681 that attention began to 
be directed to tlu) matter, though the transit which uin 
doubtedly occurred in that year was not noticed by any- 
one. The success of Gassendi in observing the transit of 
Mercury, to which we have referred in the last chapter, led 
him to hope that he would bo equally fortunate in observing 
the transit of V'enus, which Kepler had also foretold. Gas- 
sendi looked at tlie sun on the 4th, 5th, and 6th December. 
He looked at it again on the 7th, but he saw no sign of 
the planet. We now know the reason. The transit of Venus 
took plac^e during the night, between the 6th and the 7 tin 
and must therefore have been invisible to European observers, 

Kepler had not noticed that another transit would occur 
in 1639. This discovery was made by another astronomer, 
and it is the one with which the history of the subject may 



VENUS. 


179 


be said to commence. It was the first occasion on which the 
plienomenon was ever actually witnessed ; nor was it then 
seen by many. So far as is known, it was witnessed by 
only two persons. 

A young and ardent English astronomer, named Horrocks, 
had undertaken some computations about the motions of 



Fijr. — The Path of Venus across the Sun in tlie Transits of 1874 and 1882. 


Venus. He made the discovery that the transit of Venus 
would be repeated in 1089, and he prepared to veriiy the 

lacjt. The sun rose bright on the morning of the day — 

whictli happened to be a Sunday. The clerical profession, 

wlii(fh Horrocks followed, here came into collision with his 

desires as an astronomer. He tells us that at nine ho was 
ealled away by business of the highest importance — referring, 
doubt, to his official duties ; but the service was quickly 
perlornied, and a little before ten he Avas again on the watch, 
^>idy to find the brilliant face of the sun Avithout any unusual 
k iture. It was marked with a spot, but nothing that could 
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be mistaken for a planet. Again, at noon, came an interrup- 
tion; he went to church, but he was back by one. Nor wav . 
these the only impediments to his observations. The sun 
was also more or less clouded over during part of the day. 
However, at a quarter past three in the afternoon his clerical 
work was over; the clouds had dispersed, and he once mon^ 
resumed his observations. To his intense delight he then 
saw on the sun the round, dark spot, which was at once 
identified as the planet Venus. The observations could not 
last long ; it was the depth of winter, and the sun was 
rapidly setting. Only half an hour was available, but he had 
made such careful preparations beforehand that it sufficed to 
enable him to secure some valuable measurements. 

Horrocks had previously acquainted his friend, WilHaiii 
Crabtree, with the impending occurrence. Crabtree was 
therefore on the watch, and succeeded in seeing the transit; 
a striking picture of Crabtree’s lanious observation is shown 
in one of the beautiful frescoes in the Town Hall at Man- 
chester. But to no one else had Horrocks communicated 
the intelligence ; as ho says, “ I hope to be excused for not 
informing other of my friends of the expected phenomenon, 
but most of them care little for trifles of this kind, rather 
preferring their hawks and hounds, to say no worse; and 
although England is not without votaries of astronomy, witli 
some of whom I am acquainted, I was unable to convey to 
them the agreeable tidings, having myself had so little 
notice.” 

It was not till long afterwards that the full importaiu'(‘ 
of the transit of Venus was appreciated. Nearly a century 
had rolled away when the great astronomer, Halley (IG50— 
1742), drew attention to the subject. The next transit was 
to oc(air in 1761, and forty-five years before that cveait 
Halley explained his celebrated method of finding the dis- 
tance of the sun by means of the transit of Venus.* He 
was then a iqan sixty j ears of age ; he could have no expect- 
ation that he would live to witness the event; but in no6k 

* James Gregory, in a book on optics written in 1667, had already suggested the 
use of the transit of Venus for this purpose. 
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language he commends the problem to the notice of the 
learned, and thus addresses the Royal Society of London : — 
“ And this is what I am now desirous to lay before this 
illustrious Society, which I foretell will (iontinue for ages, that 
1 may explain beforehand to young astronomers, who may, 
perhaps, live to observe these things, a method by which 
the immense distance of the sun may bo truly obtained. . . . 
T rccorninend it, therefore, again and again to those curious 
astronomers Avho, when I am dead, will have an opportunity 
of observing these things, that they would remember this 
my iulmonition, and diligently apply themselves with all 
their might in making the observations, and I earnestly wish 
them all imaginable success — in the first place, that they 
may not by the unseasonable obscurity of a cloudy sky be 
deprived of this most desirable sight, and then that, having 
ascertained with more exac^tness the magnitudes of the 
planetary orbits, it may redound to their immortal fame and 
glory.” Halley lived to a good old age, but ho di(id nineteen 
years before the transit occurred. 

The student of astronomy who desires to learn how the 
transit of Yenus will tell the distaiute trom the sun must 
prepaic to encounter a geometrical j)roblem of no little (jom- 
plexity. We ('iinnot give', to th(^ subject the detail that would 
bt* requisite for a full explanation. All we can attempt is to 
render a general account of the method, siitlicaent to (mable 
tlie reader to see that the transit of Venus really does contain 
all the elements necessary for the solution of the problem. 

We must first exjdain (clearly the coiK'eption which is 
known to astronomers by the name of parallax ; for it is by 
parallax that the distance of the sun, or, indeed, the distance 
ot any other celestial body, must be determined. Lot us take 
a simple illustration. Stand near a windo^v whence you 
♦'an look at buildings, or the trees, the (ilouds, or any distant 
♦objects. Place on the glass a thin strip of paper vertically 
bi the middle of one of the panes. Close the right eye, and 
''♦>^e with the left eye the position of the strij) of paper 
ulatively to the objects in the background. Then, while 
still remaining in the same position, close the left eye and 
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again observe the position of the strip of paper with the 
right i)yi\ You will find that the position of the paper on 
the background has changed. As I sit in niy study and 
look out of the window I see a strip of paper, with my right, 
eye, in front of a certain bough on a tree a couple of hundred 
yards away; with iny left eye the paper is no longer in 
front of that bough, it has moved to a position near th(‘ 
outline ol’ the tree. This a[)parent displacement of the strip ul 
paper, relatively to the distant background, is what is called 
parallax. 

Move (-loser to the window, and repeat the observation, 
and you tind that Lite apparent displarenient of the strip 
inerettses. Move away from the Avindow, and the displace- 
ment decreases. Move to the other side of the room, the 
displacement is mndi less, though probably still visible. We 
thus see that the change in the apparent place of the strip 
of paper, as vieAved Avith the right eye or the left ey(>, varies 
in Jimount as the distance changes ; but it varies in tlu^ 
opposite Avay to the distance, for as either becomes greater 
the other Ix^conn^s less. We can thus associate Avith eaidi 
particular distance a corn^sponding ])articular displacicmenl. 
From this it Avill be easy to infer that if avo have the means of 
measuring the amount of displac-ement, then avc have the means 
of (ml(3ulating the distance from the observer to the Avindow. 

[t is this principle, applied on a gigantic scale, Avhich 
enables us to measure the distancics of the heavenly ])odies. 
Look, for instance, at tlie planet Venus; let this correspond 
to the strip of paper, and lot the sun, on Avhich Venus is 
seen in the act of transit, he the background. Instead of the 
tAvo eyes of the observ(>r, avc iioav place two observatories in 
distant regions of the earth ; we look at Venus from on(‘ 
observatory, we also look at it from the other; we measure 
the amount of the displacement, and from that we calculate 
the distance of the planet. All depends, then, on the means 
which we have of measuring the displacement of Venus as 
viewed from the tAvo different stations. There are various 
ways of accomplishing this, but the most simple is that 
originally proposed by Halley. 
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From the observatory at a Vciiiis seems to pursue the upper 
of the two tracks shown in tl\o adjoining figure (Fig. 47). From 
the observatory at b it follows the lower track, and it is for 
us to measure the distance between the two tracks. This 
can be ac(^omplished in several ways. Suppose tlio observer 
at A notes the time that Venus has occupied in crossing the 



Fig. 47. — To Illustrate the Obsorvation of the Transit of Venus from Two 
Localities, a and n, on the Earth. 


<lisc, and that similar observations be made at b. As the 
track seen from b is the larger, it must follow that the time 
observed at b will be greater than that at a. When the 
observations from the different hemispheres are (jompared, 
die times observed will enable the lengths of the tracks to 
be calculated. The lengths being known, their jdaces on the 
cinadar disc of the sun arc determined, and hence the 
dmount of displacement of Venus in transit is ascertained. 
^ bus it is that the distance of Venus is measured, and the 
^cale of the solar system is known. 

The two transits to which Halley's memorable researches 
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referred occurred in the years 1761 and 1769. The results of 
the first were not very successful, in spite of the arduous 
labours of those who undertook the observations. The transit 
of 1769 is of particular interest, not only for the determina- 
tion of the sun’s distance, but also because it gave rise to 
the first of the celebrated voyages of Captain Cook. It was 
to sec the transit of Venus that Captain Cook was coin- 
luissioned to sail to Otaheite, and there, on the 3rd of 
June, on a splendid day in that excpiisite climate, the 
phenomenon was carefully observed and measured by dif- 
ferent observers. Simultaneously with these observations 
others were obtained in Europe and elsewhere, and from the 
combination of all the observations an approximate know- 
ledge of the sun’s distance Avas gained. The most complete 
discussion of these observations did not, hoAvever, take place 
for some time. It Avas not until the year 1824 that the 
illustrious En(;ke (jomputed the distance of the sun, and gave 
as the definite result 95,000,000 miles. 

For many years this number was invariably adopted, and 
elderly people at the present day Avill remember how they Avere 
taught in their school-days that the sun Avas 95,000,000 miles 
distant. At length doubts began to be Avhispered as to the 
accuracy of this result. The doubts arose in different quarters, 
and Avere presented Avith different degrees of importance; but 
they all pointed in one direction, they all indicated that the 
distance of the sun Avas not quite so great as the result 
which Encke had obtained. It must be remembered that 
there are several Avays of finding the distance of the sun, and 
it Avill be our duty to allude to some other methods later 
on. It has b(H>n as(iortained that th(i result obtained by Encke 
from the observations made in 1761 and 1769, Avith instrU’ 
ments inferior to our modern ones, Avas too great, and 
that the distaiKie of the sun may probably be now stated at 
92,900,000 miles. 

I venture to record our personal experience of the last 
transit of Venus, Avhich we had the good fortune to Anew 
from Dunsink Observatory on the afternoon of the 6th of 
December, 1882. 



VENUS 


185 


The morning of the eventful day appeared to be about 
as unfavourable for a grand astronomical sj^ectaclc as could 
well be imagined. Snow, a couple of inches thick, covered 
the ground, and more was falling, with but little intermis- 
sion, all the forenoon. It seemed almost hopeless that a 
view of the phenomenon could be obtained from that observa- 
tory ; but it is well in such cases to bear in mind the 
injunction given to the observers on a celebrated eclipse 
expedition. They were instructed, no matter wliat the day 
.should be like, that they were to make all their preparations 
pre(nsely as they would have done were the sun shining with 
undimmed splendour. 13y this advice no doubt many ob- 
servers have pro ti ted; and avc acted upon it with very con- 
siderable success. 

There were at that time at the observatory two equa- 
torials, one of them an old, but tolerably good, instrument, 
of about six inches aperture ; the other the great South equa- 
torial, of twelve inches aperture, already referred to. At eleven 
o’clock the day looked worse than ever ; but we at once pro- 
ceeded to make all ready. 1 stationed Mr. Ram bant at the 
small equatorial, while I myself took cliargc of the South 
instrinnent. The snow was still falling when the domes were 
opened : but, according to our prearranged scdieme, the 
telescopes were directed, not indeed upon the sun, but to the 
place where we know the sun was, and the clocdvwork was 
set in motion which carried round the telescopes, still con- 
stantly pointing towards the invisible sun. The predicted 
time of the transit had not yet arrived. 

The eye-piece employed on the South equatorial must also 
I’ccoive a brief notice. It will, of course, be obvious that the 
lull glare of the sun has to be greatly mitigated before the 
eye can view it with impunity. The light from the sun falls 
upon a piece of transparent glass inclined at a certain angle, 
iuid the chief portion of the suiVs heat, as well as a certain 
luaount of its light, pass through the glass and are lost. A 
certain fraction of the light is, however, reflected from the 
glass, and enters the eye-piece. This light is already much 
I'cfluced in intensity, but it undergoes as much further 
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reduction as avc please by an ingenious contrivance. Tli,* 
glass which reflects the light does so at what is called thi 
polarising angl(i, and between the eye-piece and the eye is ;i 
plate of tourmaline. This plate of tounnaline can bo turned 
round by the observer. Tn one position it hardly interferes 
with the polarised light at all, while in the position at riglii, 
angles tlicreto the tourmaline intercepts nearly all the light. 
By adjusting the position of the tourmaline, the observer lujs 
it in his ])t)wer to render the imago of any brightness that 
may be convenient, and thus the observations of the sun can 
bo conducted with the apj)ropriatc degree of illumination. 

But such appliances seemed on this occasion to be a mere 
moi'hery. The tourmaline was all ready, but up to one o'clock 
not a trace of the sun could be seen. Shortly after one 
o’clock, howcv(‘r, we noticed that the day w\‘is getting light(‘r; 
and, on looking to the north, whence the wind and the 
snow were coming, we saw, to our inexpressible delight, 
that the clouds were clearing. At length, the sky towards 
the south began to improve, and at last, as the critical 
moment approached, we could detect the spot where the sun 
was becoming visible. But the predicted moment arrived and 
passed, and still the sun had not broken through the clouds, 
though every moment the certainty that it would do so 
bec'ame more apparent. The external (contact was thend’orc. 
missed. We tried to console ourselves by the reflection that 
this was not, after all, a very important phase, and hoped 
that th(i internal contact would bo more; successful. 

At length the struggling beams pierced the obstriujtlon, 
and I saw the round, sharj) disc of the sun in the finder, ami 
eagerly glanced at the point on which attention was (joncen* 
trated. Some minutes had noAV elapsed since the predicted 
moment of first contact, and, to my delight, I saw the small 
notch in the margin of the sun showing that the transit lind 
commenced, and that the planet was then one-third on the 
sun. But the^ critical moment had not yet arrived. By tlu^ 
expression “ first internal contact we arc to understand the 
moment when the planet has completely entered on the sun 
This first contact was timed to occur twenty-one minute?; 
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later than tlie external contact already referred to. But the 
{'loads again disappointcKl our hope? ol seeing the internal 
rontact. While steadily looking at the excpiisitely beautiful 
sight of the gradual advance of the planet, 1 became aware 
tliat there were other objects besides Venus betwc'cn me and 
the sun. They were the snowflakes, which again began to 
fall rapidly. I must admit the phenomenon was singuLirly 
biaxutiful. The telescopic cflec.t of a snowstorm with the 
sun as a background I had never before seen. It iH'ininded 
me of the golden rain which is sometinu‘S seiai falling from 
a llight of sky-rockets during pyrotechnic, dis])]ays ; 1 would 
gladly have dispensed with the s])ecta(dc, for it necajssarily 
followed that the sun and Venus again disappeared from 
view. The clouds gathered, the snowstorm descended as 
heavily as ever, and we hardly dared to hope that wc shoidd 
see anything more ; 1 hr. 57 min. came and ])ass(al, the 
first internal contact was over, and Venus had fully (altered 
on the sun. We had only obtained a brief view, and we 
had not yet been able to make any measurements or other 
r)bservations that could be of servi(;c. Still, to have soon 
even a part of a transit of Venus is an event to remember 
for a lifetime, and we felt more delight than can be (‘asily 
(‘xpressed at even this slight gleam of siu'cess. 

But better things were in store. My assistant came over 
Avith the report that he had also been successful in siccing 
\'enus in the same phase as I had. We both resumed (xur 
posts, and at half-past two tlie (douds began to disperse, and 
the prospect of seeing the sun began to improve. It was now 
no (piestion of the observations of contact. A^enus by this 
time was Avell on the sun, and we therefore ])repared to make 
observations Avith the micrometer attacdied to the eye-piece. 
The clouds at length dispersed, and at this time Venus Iiad 
^'0 completely entered on tlie sun tliat the distance from the 
edge of the planet to the edge of the sun Avas about tAvice 
the diameter of the planet. We measured tlie distance of the 
inner edge of Venus from the nearest limb of the sun. These 
observations Averc repeated as frequently as possible, but 
it should be added that they Avere only made Avith very 
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considerable difficulty. The sun was now very low, and the 
edges of the sun and of Venus were by no means of that 
steady character which is suitable for iriicroiiietrical measure- 
ment. The margin of the luminary was quivering, and Venus, 
though no doubt it was sometimes circular, was very often 
distorted to such a degree as to make the measures very 
uncertain. 

We succeeded in obtaining sixteen measures altogether: 
but the sun was now getting low, the clouds began again to 
interfere, and we saw that the pursuit of the transit must be 
left to the thousands of astronomers in happier climes who 
had been eagerly awaiting it. But before the phenomena had 
ceased I spared a few minutes from the somewhat mechanical 
work at the micrometer to take a view of the transit in the 
more picturesque form which the large field of the finder 
presented. The sun was already beginning to put on the 
ruddy hues of sunset, and there, hir in on its face, was the 
sharp, round, black disc of V^enus. It was then easy to 
sympathise Avith the supreme joy of Horrocks, when, in IGJfO, 
he for the first time witnessed this spectacle. The intrinsic 
interest of the phenomenon, its rarity, the fulfilment of the 
prediction, the noble problem Avdiich the transit of Venus helps 
us to solve, are all present to our thoughts when we look at 
this pleasing jdeture, a repetition of Avhich Avill not occur again 
until the flowers arc blooming in the June of a.d. 2004. 

The occasion of a transit of A'enus also affords an oppor- 
tunity of studying the physical nature of the planet, and avc 
may here briefly indicate the results that have been obtained. 
In the first place, a transit Avill throAv some light on the 
question as to Avhether Venus is accompanied by a satellite'. 
If Venus Averc attended by a small body in close proximity, 
it Avould be conceivable that in ordinary circumstances tlui 
brilliancy of the planet Avould obliterate the feeble beam of 
r•a3^s from the minute companion, and thus the satellite Avould 
remain undiscovered. It was therefore a matter of great interest 
to scrutinise the vicinity of the planet Avhile in the act <'l 
transit. If a satellite existed — and the existence of one o) 
more of such bodies has often been suspected — then it avouM 
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bo capable of detection against the brilliant background of 
tlie sun. Special attention was directed to this point during 
the recent transits, but no satellite of Venus was to be found, 
[t s( 3 ems, therefore, to be very unlikely that Venus can be 
attended by any companion globe of appreciable dimensions. 

The observations directed to the investigation of the 
atmosphere surrounding Venus have been more successful. 
If the planet were devoid of an atmosphere, then it would 
be totally invisible just before commencing to enter on the 
sun, and would relapse into total invisibility as soon as it had 
left the sun. The observations made during the transits arc 
not in conformity Avitli such suppositions. Special atteiition 
has been directed to this point during the recent transits. The 
result has been very remarkable, and has proved in the most 
conclusive manner the existence of an atmosphere around 
Venus. As the planet gradually moved off* the sun, the 
circular edge of the planet extending out into the darkness 
was seen to be bounded by a circular arc of light, and Dr. 
Copeland, who observed this transit in very favouniblo 
circumstances, was actually able to follow the planet until it 
had passed entirely away from the sun, at which time the 

globe, though itself invisible, was distinctly marked by the 

girdle of light by which it was surrounded. This luminous 
< ircle is inexplicable save by the supposition that tlui globe 
of Venus is surrounded by an atmospheric shell in the same 
way as the earth. 

Tt may bo asked, what is the advantage of devoting so 
much time and labour to a celestial phenomenon like the 
transit of Venus which has so little bearing on practical 
ahiiirs ? What docs it matter whether the sun be 95,000,000 
miles off, (u* whether it be only 9^1,000,000, or any other 
distance ? We must admit at once that the inquiry has but 

a slender bearing on matters of practical utility. No doubt a 

finciful person might contend that to compute our nautical 
almanacs with perfect accuracy we require a precise knowledge 
ot the distance of the sun. Our vast commerce depends on 
•skilful navigation, and one factor necessary for success is 
the reliability of the “ Nautical Almanac.” The increased 
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perfection of the almanac must therefore bear some relation 
to increased perfection in navigation. Now, as good authorities 
tell us that in running for a harbour on a tempestuous night, 
or in other critical emergencies, even a yard of sea-room is 
often of great consequence, so it may conceivably happen that 
to the infinitesimal influence of the transit of Venus on the 
“Nautical Almanac” is due the safety of a gallant vessel. 

But the time, the labour, and the money expended in 
observing the transit of Venus are really to be defended on 
quite different grounds. We see in it a fruitful source of 
information. It tells us the distance of the sun, which is 
the foundation of all the great measurements of the universe. 
It gratifies the intellectual curiosity of man by a view of the 
true dimensions of the majestic solar system, in which the 
earth is seen to play a dignified, though still subordinate, part ; 
and it leads us to a conception of the stupendous scale on 
which the universe is constructed. 

It is not possible for us, with a due regard to the limits 
of this volume, to protract any longer our discussion of the 
transit of Venus. When we begin to study the details of the 
observations, we are immediately confronted with a multitude 
of technical and intricate matters. Unfortunately, there are 
very great difficulties in making the observations with the 
necessary precision. The moments when Venus enters on and 
leaves the solar disc cannot be very accurately observed, partly 
owing to a peculiar optical illusion known as “ the black 
drop,” whereby Venus seems to cling to the sun's limb for 
many seconds, partly owing to the influence of the planet’s 
atmosphere, which helps to make the observed time of contact 
uncertain. These circumstances make it difficult to determine 
the distance of the sun from observations of transits of Venus 
with the accuracy which modern science requires. It seems 
therefore likely that the final determination of the sun’s 
distance will be obtained in quite a different manner. Tliis 
will be explained in Chapter XL, and hence we feel the less 
reluctance in passing away from the consideration of the 
transit of Venus as a method of celestial surveying. 

We must now close our description of this lovely planet; 
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but before doing so, let us add — or in some cases repeat — a 
tow statistical facts as to the size and the dimensions of the 
planet and its orbit. 

The diameter of Venus is about 7,700 miles, and the planet 
shows no measurable departure from the globular form, though 
we can hardly doubt that its polar diameter must really bo 
somewhat shorter than the equatorial diameter. This diameter 
is only about 218 miles less than that of the earth. The mass 
of A'onus is about three-quarters of the mass of the earth ; or 
if, as is more usual, we compare the mass of Venus with the 
sun, it is to be represented by the fraction 1 divided by 
425,000. It is to be observed that the mass of Venus is not 
quite so great in comparison with its bulk as might have 
been expected. The density of this planet is about 0*850 of 
that of the earth. Venus would weigh 4*81 times as much 
as a globe of water of equal size. The gravitation at its 
surface will, to a slight extent, be less than the gravitation at 
the surface of the earth. A body here falls sixteen feet in a 
second ; a body let fall at the surface of \'^enus would fall 
about three feet less. 

The orbit of Venus is remarkable for the close approach 
which it makes to a circle. The greatest distance of this 
planet from the sun does not exceed the least distance by one 
per cent. Its mean distance from the sun is about (>7,000,000 
miles, and the movement in the orbit amounts to a mean 
velocity of nearly 22 miles per second, the entire journey 
being accomplished in 224*70 days. 
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THE EARTH. 

Tho Earth is n groat CJlobc — How tlio Si/a; of the Earth is Measured — The Rise 
Tu'ne — The Latitude found hy the Elevation of the Hole — A Degree of tlic, 
Meridian — 'i’he Earth not a Sphere — Tlie rendulum Experiment — Is thu 
Motion of the Earth slow or fast ? — C'oineidene<i of the Axis of Rotation and 
the Axis of Figure — The Existence of Heat in the Earth — The Earth oikc; 
in a Soft Oondilion — Effects of (yVntrifiigal Force — Comparison with the 
Sun and Jupiter — The Protuberance of tin; Equator — The Weighing of the 
Earth — Comparison hot ween the W<‘ight of the Earth and an e(pial (Hobo oi 
Water — Comparison of the Earth with a Leaden Grlobe — The Pendulum -1 Iso 
of the Pendulum in Measuring the Intensity of Gravitation— Tlio Principle 
of Isochronism — Shape of the Earth measured by the Pendulum. 


That the etirtli must be a round body is a truth immediately 
suggested by simple astronomical considerations. The sun is 
round, the moon is round, and telescopes show that the plaiu^ts 
are round. No doubt comets are not round, but then a comet 
seems to be in no sense a solid body. We can see right through 
one of these frail objects, and its weight is too small for our 
methods of measurement to appreciate. If, then, all tlie solid 
bodies avc can see are round globes, is it not likely that the 
earth is a globe also ? But we have far more direct information 
than mere siuTuiso. 

There is no better way of actually seeing that the surhu^e 
of the ocean is curved than by watching a distant ship on 
the open sea. When the ship is a long way off and is still 
receding, its hull will gradually disappear, while the masts will 
remain visible. On a fine summer’s day we can often see the 
top of tlio funnel ot a steamer appearing above the sea, while 
the body of the steamer is below. To see this best the eye 
should be brought as close as possible to tlie surfoce of the sen. 
If the sea were perfectly flat, there would be nothing to obscure 
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the body of the vessel, and it would therefore be visible so long 
as the funnel remains visible. If the sea be really curved, 
I lie protuberant part intercepts the view of the luill, while 
the funnel is still to be seen. 

We thus learn how the sea is curved at every part, and 
tlierefore it is natural to suj)pose that the earth is a sphe]*e. 
When wo make more careful measurements we find that the 
globe is not perfectly round. It is flattened to some extent 
at (3ach of the poles. This may be easily illustrated by an 
iiidiarubber ball, whicdi can be compressed on two opposite 
sides so as to bulge out at the centre. The eartli is similarly 
Hattenod at the poles, and bulged out at the ecpiator. The 
divergence of the earth from the trul}^ glolinlai- form is, how- 
ever, not very great, and Avonld not be noticcMl without very 
carc'ful measurements. 

The determination of the size of the earth involves opera- 
tions of no little delicacy. \’ery much skill and very much 
labour have been devoted to tlie work, and the dimensions 
of the earth are known with a high degree of acaniraev, ihough 
perba])s not Avith all tlic precision that avc may ultimately 
hope to attain. The scientific importaiKte of an accurate 
measurement of the earth can hardly be over-estimated. The 
radius of the (3arth is itself tlie unit in Avhich many other 
astronomical magnitudes are expressed. Kor example, when 
observations are made with the view of finding the distaiK'O 
of the iiioo]), the obseiwations, Avhen discussed and vedu(?cd, 
loll us that the distaiKie of the inooii is e((ual to tifty-nine 
times the C(piatorial radius of the earth. If Ave Avaut to find 
the distance of the moon in mil(‘s, we recpiire to knoAV the 
number of miles in the earth’s radius. 

A level part of tlie earth’s surface having been chos(ni, a 
iine a Icav miles long is measured. This is called the base, 
aial as all the subsequent measures de])end ultiinately on the 
it is necessary that this measurement shall be made 
^^’ith scrupulous accuracy. To measure a line four or live mih'S 
lon^r such precision as to exclude any (UTors greater than 
few inches demands the most minute precautions. We do 
noAv enter upon a description of the operations that are 
N 



194 


THE STORY OF THE HEAVENS. 


necessary. It is a most laborious piece of work, and many 
ponderous volumes have been devoted to the discussion of ihe 
results. But when a few base lines have been obtained in 
different places on the earths surface, the measuring rods arc 
to be laid aside, and the subsequent task of the survey of 
the earth is to be conducted by the measurement of angles 
from one station to another and trigonometrical calculations 
based thereon. Starting from a base line p. few miles long, 
distances of greater length are calculated, until at length 
stretches 100 miles long, or even more, can be accomplished. 
It is thus possible to find the length of a long lino running 
due north and south. 

So far the work has been merely that of the terrestrial 
surveyor. The distance thus ascertained is handed over to 
the astronomer to deduce from it the dimensions of the earth. 
The astronomer fixes his observatory at the northern end of 
the long line, and proceeds to determine his latitude by 
observation. There are various ways by which this can bo 
accomplished. They will be found fully described in works 
on practical astronomy. We shall here only indicate in a 
very brief manner the principle on wliich such observations 
are to be made. 

Everyone ought to be familiar with the Pole Star, Avhich, 
though by no means the most brilliant, is probably the most 
important star in the whole heavens. In these latitudes wc 
are accustomed to find the Pole Star at a considerable elevation, 
and there we can invariably find it, always in the same phu;c 
in the northern sky. But suppose we start on a voyage to 
the southern hemisphere: as we approach the equator wo 
find, night after night, the Pole Star coming closer to tho 
horizon. At the equator it is on the horizon ; while if wo 
cross the line, we find on (mtoring the southern hemisphero 
that this useful celestial body has become invisible. This is 
in itself sufficient to show us that the earth cannot be tln^ 
flat surface that ^ untutored experience seems to indicate. 

On the otlier hand, a traveller leaving England for Norway 
observes that the Pole Star is every night higher in tla^ 
heavens than he has been accustomed to see it. If he extend 
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his journey farther north, the same object will gradually rise 
higher and higher, until at length, when approaching the 
pole of the earth, the Pole Star is high up over his head. 
We are thus led to perceive that the higher our latitude, 
the higher, in general, is the elevation of the Pole Star. 
But we cannot use precise language until we replace the 
twinkling point by the pole of the heavens itself The pole 
of the heavens is near the Pole Star, which itself revolves 
around the pole of the heavens, as all the other stars do, 
once every day. The circle described by the Pole Star is, 
however, so small that, unless we give it special attention, 
the motion will not be perceived. The true pole is not a 
visible point, but it is capable of being accurately defined, 
and it enables us to state with the utmost precision the 
relation between the pole and the latitude. The statement is, 
that the elevation of the pole above the horizon is equal to 
the latitude of the place. 

The astronomer stationed at one end of the long line 
measures the elevation of the pole above the horizon. This 
is an operation of some delicacy. In the first place, as the 
pole is invisible, ho has to obtain its position indirectly. Ke 
measures the altitude of the Pole Star when that altitude is 
greatest, and repeats the operation twelve hours later, when 
the altitude of the Pole Star is least; the mean between the 
two, when corrected in various ways which it is not necessary 
for us now to discuss, gives the true altitude of the pole. 
Suffice it to say that by such operations the latitude of one 
end of the line is determined. The astronomer then, with all 
his equipment of instruments, moves to the other end of the 
hne. He there repeats the process, and he finds that the 
polo has now a different elevation, (corresponding to the 
difhircnt latitude. The diflercnce of the tAvo elevations thus 
gives him an accurate measure of the number of degrees and 
fractional parts of a degree between the latitudes of the two 
stations. This can bo compared with the actual distance in 
^niles between the two stations, which has been ascertained 
hy tlie trigonometrical survey. A simple calculation Avill then 
^how the number of miles and fractional parts of a mile 



196 


THE STORY OF THE HEAVENS, 


corresponding to one degree of latitude — or, as it is more 
usually expressed, the length of a degree of the meridian. 

This operation has to be repeated in different parts of the 
earth — in the northern hemisphere and in the southern, in 
high latitudes and in low. If the sea-level over the entire 
earth were a perfect sphere, an important consequence would 
follow — the length of a degree of the meridian would be 
everywhere the same. It would be the same in Peru as in 
Sweden, the same in India as in England. But the lengths 
of the degrees arc not all the same, and hence avc learn that 
our earth is not really a sphere. The measured lengths of 
the degrees enable us to see to what extent the shape of tlio 
earth departs from a perfect sphere. Near the pole the 
length of a degree is longer tlian near the equator. This 
shows that the earth is flattened at the poles and protuberant- 
at the equator, and it provides the means by which we may 
calculate the actual lengths of the polar and the equatorial 
axes. In this way tlie equatorial diameter has been found 
equal to 7,927 miles, while the polar diameter is 27 miles 
shorter. 

The polar axis of the earth may be defined as the 
diameter about which the earth rotates. This axis intersects 
the surface at the north and south poles. The time which the 
earth occupies in making a complete rotation around this axis 
is called a sidereal day. The sidereal day is a little shorter 
than the ordinary day, being only 23 hours, 56 ininutes, and 
4 seconds. The rotation is performed just as if a rigid axis 
passed through the centre of the earth; or, to use the old 
and homely illustration, the earth rotates just as a ball of 
wonsted may be made to rotate around a knitting-needle 
thrust through its centre. 

It is a noteworthy circumstance that the axis about whi(^h 
the earth rotates occupies a position identical with that oi’ 
the shortest diameter of the earth as found by actual surveying. 
This is a coincjdence which would be utterly inconceivable if 
the shape of the earth was not in some way physically 
connected with the fact that the earth is rotating. What 
connection can then be traced? Let us enquire into the 



THE EAllTIL 


197 


subject, and we shall find that the shape of the earth is a 
consequence of its rotation. 

The earth at the present time is subject, at various 
localities, to occasional volcanic outbreaks. The phenomena 
of such eruptions, the allied occurrence of earthquakes, the 
well-known fact that the heat increases the deeper we descend 
into the earth, the existence of hot springs, the geysers found 
in Iceland and elsewhere, all testily to the fact that heat 
exists in the interior of the earth. Whether that heat be, 
as some suppose, universal in the interior of the earth, or 
whether it be merely local at the several places where its 
manifestations are felt, is a matter which need not now concern 
us. All that is necessary for our present purpose is the 
admission that heat is present to some extent. 

This internal heat, be it much or little, has obviously a 
difterent origin from the heat which we know on the surface. 
The heat wo enjoy is derived from the sun. The internal 
heat cannot have been derived from the sun; its intensity 
is far too great, and there are other insuperable difficulties 
attending the supposition that it has come from the sun. 
Where, then, has this heat come from ? This is a question 
which at present we can hardly answer — nor, indeed, does it 
much concern our argument that we should answer it. The 
lact being admitted that the heat is there, all that we require 
is to apply one or two of the well-known thermal laws to 
the interpretation of the facts. We have first to consider 
the general principle by which heat tends to diffuse itself 
and spread away from its original source. The heat, deep- 
seated in the interior of the earth, is transmitted through 
the superincumbent rocks, and slowly reaches the surface. 
It is true that the rocks and materials with which our earth 
is covered are not good conductors of heat ; most of them 
arc, indeed, extremely inefficient in this way ; but, good or 
bad, they are in some shape conductors, and through them 
the heat must creep to the surface. 

It cannot be urged against this conclusion that we do 
uot feel this heat. A few feet of brickwork will so confine 
the heat of a mighty blast furnace that but little will escape 
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throngli the bricks ; but mine heat docs escape, and the 
bricks have never been made, and never could be made, which 
would absolutely intercept all the heat. Tf a few feet ot* 
brickwork can thus nearly mask the heat of a furnace, 
cannot some scores of miles of rock nearly mask the heat in 
the depths of the earth, even though that heat were seven 
times hotter than the mightiest furnace that ever existed f 
The heat would escape slowly, and perhaps imperceptibly, but, 
unless all our knowledge of nature is a delusion, no rocks, 
however thick, can prevent, in the course of time, the leakage 
of the heat to the surface. When this heat arrives at the 
surface of the earth it must, in virtue of another thermal law, 
gradually radiate away and be lost to the earth. 

It would lead us too hir to discuss fully the objections 
which may perhaps bo raised against what we have here 
stated. It is often said tliat the heat in the interior of the 
earth is being produced by chemical combination or by 
mechanical process, and thus that the heat may be constantly 
renewed as fast or even faster than it escapes. This, however, 
is more a difference in form than in substance. If heat be 
produced in the Avay just supposed (and there can be no 
doubt that there may be such an origin for some of the heat 
in the interior of the globe) there must be a certain expendi- 
ture of chemical or mechanical energies that produce's a 
certain exhaustion. For every unit of heat which escapes 
there will either be a loss of an unit of heat from the globe, 
or, what comes nearly to tlic same thing, a loss of an unit 
of heat-making power from the chemical or the mechanic.il 
energies. The substantial result is the same; the heat, actual 
or ])otential, of the earth must be decreasing. It should, of 
course, bo observed that a great part of the thermal losses 
experienced by the earth is of an obvious character, and not 
dependent upon the slow processes of conduction. Each out- 
burst of a volcano discharges a stupendous quantity of heal, 
which disappears very speedily from the earth ; while in 
the hot springs found in so many places there is a perennial 
discharge of the same kind, which in the course of years 
attains enormous proportions. 
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The earth is thus losing heat, Avhile it never acquires any 
iVesli supplies of the same kind to replace the losses. The 
consequence is obvious ; the interior of the earth must be 
growing colder. No doubt this is an extremely slow process ; 
tlie life of an individual, the life of a nation, probably the life 
of the human race itself, has not been long (^nough to witness 
any pronounced change in the store of terrestrial heat. But 
the law is inevitable, and though the d(‘c]ine in heat may be 
slow, yet it is continuous, and in the lapse of ages must 
necessarily produce great and important results. 

It is not our present purpose to ofier any forecast as to 
the changes whi(ih must necessarily arise from this ])r()cess. 
We wish at present rather to look back into ])ast time and 
see what consequences we may legitimately infer. Su(*h iu- 
tei'vals of time as we arc familiar with in ordinary life, or 
even in ordinary history, are for our present ])urpose quite 
inappreciable. As our earth is daily losing internal heat, or 
the equivalent of heat, it must have contained more heat 
yesterday than it does to-day, more last year than this year, 
more twenty years ago than ten years ago. Th(i eiVect has 
not been appreciable in historic, time ; but wlnm we rise from 
himdreds of years to thousands of years, from thousands of 
years to hundreds of thousands of years, and from hundreds 
of thousands of years to millions of years, the effect is not 
only appreciable, but even of startling magnitude. 

There must have beem a time Avhen the earth contained 
much ]nore heat than at present. There ]nust have^ been a 
time Avhen the surface of the earth Avas sensibly hot from this 
sour(',e. AVe cannot ])retend to say how many thousands or 
millions of years ago this (‘,po('h must have been ; but avc 
^eay be sure that earlier still the earth was i^ven hottm*, 
niitil at length avc seem to see the temperature imu’easo to a 
i'<‘d heat, from a red heat avc look back to a still earliei* iige 
when the earth Avas Avhitc hot, back further till Ave find the 
^nvfaco of our now solid globe Avas actually molten. A\ e 
^‘<‘cd not push the retrospect any further at ])resent, still 
hss i,s it necessary for us to attempt to assign the probable 
'**‘igiii of that heat. This, it Avill be observed, is not required 
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• in our argument. We find heat now, and wc know that heat 
is being lost every day. From this the conclusion that W(i 
have already drawn seems inevitable, and thus W(5 are con- 
ducted back to some remote epoch in the abyss of time past 
when our solid earth was a globe moltcm and soft throughout. 

A dewdrop on the petal of a flower is nearly globular, 
but it is not (piite a globe, because the gravitation presses it 
against the flowc'r and somewhat distorts the shape. A fall- 
ing drop of rain is a globe ; a drop of oil suspendcid in a 
licpiid with which it does not mix forms a globe. Passing 
from small things to great things, let us endeavour to con- 
ceive an enormous globe of molten matter. Let that globe 
be as large as the earth, and let its materials be so soft fis 
to obey the forces of attraction exerted by each part of the 
globe on all the other parts. There can bo no doubt as to 
the effo(jt of these attractions; they would tend to smooth 
down any irregularities on the surface just in the same way 
as the surface of the oc^ean is smooth when freed from the 
disturbing influences of the wind. Wc might, therefore, 
expi'ct that our molten globe, isolated from all external inter- 
ference, would assume the form of a sphere. 

Put now suppose that this great sphere, which we have 
hitherto assunuid to be at rest, is made to rotate round an 
axis passing through its centre. We need not suppose that 
this axis is a material object, nor are we concerned with any 
supposition as to how the velocity of rotation was caused. 
We can, liowever, easily see what the consequence of the 
rotation would bo. The sphere would bocomo deformed, the 
centrifugal force would make the molten body bulge out at 
the equator and flatten down at the ])olcs. The greater the 
velocity of rotation the greater would be the bulging. 
each velocity of rotation a certain degree of bulging would ho 
appropriate. The molten earth thus bulged out to an extent 
which was dependent upon tlie fact that it turned round once 
a day. Now suppose that the earth, while still rotating 
commences to pass from the liquid to the solid state. The 
form which the earth would assume on consolidation would, 
no doubt, be very irregular on the surface ; it would be irregulur 
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in consequence of the upheavals and the outbursts incident to 
(he transformation of so mighty a mass of matter ; but ii'iegular 
though it bo, we can be sure that, on the whole, the form of 
tlie earth’s surface would coincide with the sliape which it 
liad assumed by the movement of rotation. Hence we can 
explain the protuberant form of the equator of the earth, and 
we can appeal to that form in corroboration of the view that 
this globe was once in a soft or molten condition. 

The argument may be supported and illustrated by com- 
paring the shape of our earth with the shapes of some ol 
the other celestial bodies. The sun, for instance, seems to be 
almost a perfect globe. No measures that we can make show 
that the polar diameter of the sun is shorter than the equa- 
torial diameter. But this is what we might have cx])ected. 
No doubt the sun is rotating on its axis, and, as it is the 
rotation that causes the protuberance, why should not the 
rotation have deformed the sun like the earth The prob- 
ability is that a difference really does exist between the two 
diameters of the sun, but that the difference is too small for 
us to measure. It is impossible not to connect this with the 
slowness of the sun’s rotation. The sun takes twenty-tivc days 
lo complete a rotation, and the protuberance appropriate to 
so low a velocity is not appreciable. 

On the other hand, when we look at one of the quickly- 
rotating planets, we obtain a very different result. Lot us take 
the very striking instance which is presented in the gn^at 
planet Jupiter. Viewed in the telescope, Ju])iter is at once 
^ceii not to be a globe. The difference is so conspicuous tliat 
accurate measures are not necessary to show that the polar 
diameter of Jupiter is shorter than the ecpiatorial diameter. 
Ihe departure of Jupiter from the truly spliericial shape is 
iud(ied much greater than the departure of the earth. It is 
iuipossible not to connect this with the much more rapid 
I'otJition of Jupiter. We shall presently have to devote a 
‘hap ter to the consideration of this splendid orb. We may, 
li'>wevcr, so far anticipate what we shall then say as to state 
dull the time of Jupiter’s rotation is under ten hours, and 
dais notwithstanding the fact that Jupiter is more than one 
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thousand times greater than the earth. His enormously ra[)i(l 
rotation has caused him to bulge out at the equator to a 
remarkable extent. 

The survey of' our earth and the measurement of its 
dimensions having been accomplished, the next operation For 
the astronomer is the determination of its weight. Hero, 
indeed, is a problem which taxes tlie resources of science to 
the very uttermost. Of the interior of the earth we know 
little — I might almost say we know nothing. No doubt avo 
sink deep mines into the earth. These mines enable us to 
penetrate half a mile, or even a whole mile, into the deptlis 
of the interior. iUit this is, after all, only a most insignificant 
attempt to explore the interior of the earth. What is an 
advance of one mile in comparison with the distance to llie 
centre of the earth? It is only about one four-thousaudlli 
part of the whole. Our knowledge of the earth merely reacljes 
to an utterly insignificant depth below the surface, and we 
have not a conception of what may be the nature of onr 
globe only a few miles below where we arc standing. Seeing, 
then, our almost complete ignorance of the solid contents of 
the earth, does it not seem a hopeless task to attempt to 
weigh the entire globe ? Yet that problenr has been solved, 
and the result is known — not, indeed, with the accuracy 
attained in other astronomical researches, but still with 
tolerable approximation. 

It is needless to enunciate the weight of the earth in oiii' 
ordinary units. The enumeration of billions of tons does not 
convey any distinct impression. It is a far niore natimd 
course to com])are the mass of the earth with that of 
equal globe of water. We should be prepared to find that 
our earth was heavier than a like volume of water. The 
rocks Avhich form its surface are heavier, bulk for bulk, than 
the oceans which repose on those rocks. The abundance ot 
metals in fhe earth, the gradual increase in the density 
the earth, which must arise from the enormous pressure at 
great deptlis — all these considerations Avill prepare us to learn 
that the earth is very much heavier than a globe of wat^ r 
of equal size. 
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Newton supposed that the earth was between tive and six 
times as heavy as an equal bulk of water. Nor is it hard 
to see that such a suggestion is plausilde. The rocks and 
materials on the surface arc usually about two or three 
times as heavy as water, but the density of the interior must 
be much greater. There is good reason to believe that down 
ill the remote depths of the earth there is a very large pro- 
portion of iron. An iron earth Avoidd weigh about seven 
times as much as an equal globe of water. Wo are thus 
led to see that the earth’s weight must be probably more 
than three, and probably less than seven, times an equal 
globe of water ; and hence, in fixing the density between 
five and six, Newton adopted a result plausible at the 
moment, and since shown to be probably correct. Several 
methods have been proposed by which this important 
question can be solved with accuracy. Of all these 
methods we shall here only describe one, because it illus- 
trates, in a very remarkable manner, the law of univiu’sal 
gravitation. 

In the chapter on Gravitation it was pointed out that the 
intensity of this force between two masses of moderate dimen- 
sions was extremely minute, and the difficulty in weighing 
the earth arises from this cause. The practical application of 
the process is encumbered by multitudinous details, which it 
will be unnecessary for us to consider at ])resent. The principle 
of the process is simple enough. To give definiteness to our 
<lescription, let us conceive a large globe about two feet in 
hiameter; and as it is desirable for this globe to be as heavy 
as possible, let us suppose it to be made of lead. A small 
globe brought near the large one is attracted by the foi-(iC 
of gravitation. The amount of this attraction is extremely 
^oiall, but, nevertheless, it can he measured by a refined 
{>i'occss which renders extremely small forces sensible. The 
intensity of the attraction depends both on the niasses of the 
globes and on their distance apart, as well as on the force 
’’f gwitation. We can also readily measure the attraction 
nl the earth upon the small globe. This is, in fact, nothing 
^erc nor less than the weight of the small globe in the 
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ordinary acceptation of the word. We can thus compare the 
attraction exerted by the leaden globe with the attracti<)ii 
exerted by the earth. 

If the centre of the earth and the centre of the leaden 
globe were at the same distance from the attracted bod}^, 
then the intensity of their attractions would give at oncu 
the ratio of their masses by simple proportion. In this case, 
however, matters are not so simple ; the leaden ball is only 
distant by a few inches from the attracted ball, while the 
centre of the earth’s attraction is nearly 4,000 miles away at 
the centre of the earth. Allowance has to be made for this 
difierence, and the attraction of the leaden sphere has to be 
reduced to Avhat it would be were it removed to a distance 
of 4,000 miles. This can fortunately be effected by a simple 
calculation depending upon the general law that the intensity 
of gravitation varies inversely as the square of the distance. 
By calculation based on accurate experiment, we can thus 
compare the intensity of the attraction of the leaden sphere 
with the attraction of the earth. It is known that the attrac- 
tions arc proportional to the masses, so that the comparative 
masses of the earth and of the leaden sphere have been 
measured ; and it has been ascertained that the earth is 
about half as heavy as a globe of load of equal size would 
be. We may thus state finally that the mass of the earth 
is about five and a half times as great as the mass of a 
globe of w'ater equal to it in bulk. 

In the chapter on Gravitation we have mentioned the lact 
that a body let fall near the surface of the earth drops 
through sixteen feet in the first second. This distance varies 
slightly at different parts of the earth. If the earth were u 
perfect sphere, then the attraction would be the same at every 
part, and the body would fall through the same distance 
everywhere. The earth is not round, so the distance which 
the body falls in one second differs slightly at different places. 
At the pole Jihe radius of the earth is shorter than at the 
equator, and accordingly the attraction of the earth at the 
pole is greater than at the equator. Had we accurate measure' 
inents showing the distance a body would fall in one second 
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both at the pole and at the equator, we should have the 
means of ascertaining the shape of the earth. 

It is, however, difficult to measure correctly the distiuice 
a body will fall in one second. Wo have, therefore, been 
obliged to resort to other means for determining the force of 
attraction of the earth at the equator and other accessi])le 
parts of its surface. The methods adopted are founded on 
the pendulum, which is, perhaps, the simplest and certainly 
one of the most useful of philosophical instruments. The 
ideal pendulum is a small and heavy weight suspended from 
a fixed point by a fine and flexible wire. If we draw the 
pendulum aside from its vertical position and then release it, 
tlie weight will swing to and fro. 

For its journey to and fro the pendulum requires a small 
period of time. It is very rcmarkaldc that this period does 
not depend appreciably on the length of the circular ai-c 
through Avhich the pendulum swings. To verify this law we 
suspend another pendulum beside the first, both l)eing of the 
same length. If wo draw both pendulums aside and then 
r(3lease tlicm, they swing together and return together. This 
might have been expecjted. Jlut if we draw one pendulum 
a great deal to one side, and the other only a little, the 
two pendulums still swing sympathetically. This, piudiaps, 
would not have been expected. Try it again, with oven a 
still greater difference in tlie arc of vibration, and still avo 
see the two weights occu[)y the same time for the swing. 

We can vary the experiment in another way. Let ns 
change the weights on the pendulums, so that they are f)f 
unerpial size, though both of iron. Shall Ave find any differ- 
ence in the periods of vibration? Wc try again: the period 
i^ the same as before; sAving them through difi'erent arcs, 
not too large, the period is still the sanie. But it may ho 
Said that this is duo to the fixet that both Avoights an? of 
flic same material. Try it again, using a leaden weiglit 
instead of one of the iron weights; the result is identical. 

with a ball of wood the period of oscillation Is the 
^‘Cuo us that of the ball of iron, and this is true no matter 
^vhat be the arc through xvhich the vibration takes place. 
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If, however, we change the length of the wire by wlii(‘h 
the weight is supported, then the period will not remain iiu, 
changed. This can be very easily illustrated. Take a short 
pendulum with a wire only one-fourth of the length of tluit 
of the long one ; suspend the two close together, and com- 
pare the periods of vibration of the short pendulum with 
tliat of the long one, and we find that the former has a 
period only half that of the latter. We may state the result, 
generally, and say that the time of vibration of a pendulum 
is proportional to the square root of its length. If we quad- 
rui)le the length of the sus})ending cord we double tlie 
time of its vibration ; if we increase the length of the pcai- 
dulum ninefold, we increase its period of vibration threefold. 

It is the gravitation of the earth which makes the pen- 
dulum swing. The greater the attraction, the more rapidly 
will the pendulum oscillate. This may be easily account (hI 
for. If the earth pulls the weight down very vigorously, the 
time will be short ; if the power of the earth’s attraction he 
lessened, then it cannot pull the weight down so quickly, 
and the period will be lengthened. 

The time of vibration of the pendulum can be d('t(‘i- 
mined with great accuracy. Let it swing for 10,000 oscilla- 
tions, and measure the time that these oscnllations have 
consumed. The arc through whi(;h the pendulum swings 
may not have remained quite constant, but this does noi 
appreciably affect the tiove of its oscillation. Suppose that 
an error of a second is made in the determination of (li<? 
tiling of 10,000 oscillations; this will only entail an error 
of the ten-1 liousandth part of the second in the time ol a 
single oscillation, and will afford a correspondingly aiicurate 
determination of the force of gravity at the place where lla* 
experiment was made. 

Take a pendulum to the equator. Let it perform 10,0()6 
oscillations, and determine carefully the time that tln'so 
oscillations have required. Bring the same pendulum 
another part of the earth, and repeat the experiment. 
have thus a means of comparing the gravitation at iktJ 
two places. There arc, no doubt, a multitude of precautions 
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to 1)C observed which need not here concern us. Tt is not 
,ii (‘(^ssary to enter into details as to the manner in which 
(In? motion of the pendiduin is to be sustained, nor as to the 
( iVect of changes of temperature in tlie alteration of its 
length. It will suffice for us to see how the time of the 
|K‘iidulum’s swing can be measured accurately, and how 
(com that measurement the intensity of gravitation can be 

eul ciliated. 

The pendulum thus enables us to make a gravitational 
survey of the surface of the earth with the highest degree 
of accuracy. We cannot, however, infer that gravity alone 
jitfccts the oscillations of the pendulum. We have seen how 
(he earth rotates on its axis, and we have attributed the 

Inilgiug of the earth at the equator to this intlueruja Hut 
the centrifugal forc(3 arising from the rotation has the effect 
ol decreasing the apparent weight of bodies, and the change 
is greatest at the equator, and lessens gradually as we 

approach the poles. From this cause alone the attraction of 
ilic pc'iidulum at the equator is less than elsewhere, and 
iliercforc the oscillations of the pendulum will take a 
longer time there than at otlicr localities. A part ol the 
apparent change in gravitation is accordingly due to the 

(entrifugal force; but there is, in addition, a real alteration. 

In a work oiT astronomy it does not come witliin our 
s('op(^ to enter into further detail on the subj(3ct of our 

])lanet. The surfa-( 3 C of the earth, its contour and its oceans, 
its mountain chains and its rivers, are for the ])hysical 
geographer ; while its rocks and their contents, its volcanoes 
ind its eartlujiuikes, arc to be studied by the geologists and 
die jhysicists. 
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The special relation in which we stand to one planet of oin* 
system has iiettessitaltHl a somewhat different tretitment cl 
tliat li^lohc from the treatment aj)propriate to the others. 
We distaissed jMerciiry and Venus tis distant objects known 
chietly l)y telesco])i(j reseandi, and by ealcuhitions. of whicli 
astronomical ohsen-vations Avere tlie fomidation. Oiir know- 
ledi^e of the earth is of a different character, and attained in 
a different way. Y(^t it was necessary for symmetry that 
we should discuss the (‘arth after the planet Vemus, in order 
to give to the earth its true position in the solar system. 
But now that the earth has been passed in our outward 
progress from the sun, we come to the planet Mars ; and 
here again we resume, though in a somewhat modified fornc 
the methods that were appropriate to Venus and to MoDiury. 

Vhnus and Mars have, froin one point of view, cjiiito 
peculiar claims on oiir attention. They are the nearest 
of our large ])lanctary neighbours. Vi^e may naturally 
expect to learn more of them than of the other planets 
farthcT off. In the case of Venus, however, this antici{)a- 
tion can hardly be realised, for, as we have already pointed 
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out, its dense atmosphere prevents us from making a satis- 
factory telescopic examination. When we turn to our other 
planetary neighbour, Mars, wc are enabled to learn a good 
deal with regard to his appearance. Indeed, with the 
exception of the moon, we arc better acquainted with the 
details of the surface of Mars than with those of any other 
celestial body. 

This beautiful planet ofiers many features for consideration 
besides those presented by its physical structure. The orbit 
of Mars is one of remarkable proportions, and it was by the 
observations of this orbit that the celebrated laws of Kepler 
were discovered. During the oc(jasional approaches of Mars 
to the earth it has been possible to measure its distance with 
a(icuracy, and thus another method of finding the sun’s distance 
has arisen which, to say the least, can compete in precision 
with that afforded by the transit of Venus. It must also be 
observed that the greatest achievement in pure telescopic 
research which this (century has witnessed was that of the 
discovery of the satellites of Mars. 

To the unaided eye this planet generally appears like a 
star of the first magnitude. It is usually to be distinguished 
by its ruddy colour, but the beginner in astronomy cannot 
rely on its colour only for the identification of Mars. There 
arc several stars nearly, if not quite, as ruddy as this globe. 
The bright star Aldebaran, the brightest star in the constella- 
tion of the Bull, has often been mistaken for the planet. It 
often resembles Betelgeuze, a brilliant, point in the constellation 
of Orion. Mistakes of this kind will be impossible if the 
learner has first studied the principal constellations and the 
more brilliant, stars. He will then find gieat interest in tracing 
out the positions of the planets, and in watching their ceaseless 
iriovoments. 

The position of each orb can always be ascertained from 
the almanac. Sometimes the planet will be too near the sun 
lo be visible. It will rise with the sun and set with the sun, 
and consequently will not be above the horizon during the 
night. The best time for seeing one of the planets situated 
like Mars will be during what is called its o])position. This 
o 
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State of things occurs when the earth intervenes directly 
between the planet and the sun. In this case, the distance 
from Mars to the earth is less than at any other time. There 
is also another advantage in viewing Mars during oppositioa 
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Fig. 18.— The Orbits of the F;irth and of Mars, showing the Favourable 
Oiipositioii of 1877. 

The planet is then at one side of the earth and the sim at 
the opposite side, so that wlicn Mars is higli in the heavens 
tlie sun is directly beneath the earth ; in other words, the 
planet is then at its greatest elevation above the horizon at 
midnight. Some oppositions of Mars arc, however, much more 
favourable than others. This is distinctly shown in Fig. 
whioJi represents the orbit of Mars and the orliit of the Farth 
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accurately drawn to scale. It will be seen that while the 
orbit of the earth is very nearly circular, the orbit of Mars 
has a very decided degree of eccentricity; indeed, with the 
exception of the orbit of Mercury, that of Mars has the 
greatest eccentricity of any orbit of the larger planets in oar 
system. 

The value of an opposition of Mars for telescopic purposes 
will vary greatly according to circumstances. The lavourable 
op})ositions will be those which occur as near as possible to 
the 2bth of August. The other extreme will be found in 
an opposition which occurs near the 22n(l of February. In 
the latter case the distance between the planet and the earth 
is nearly twice as great as the former. The last opposition 
whi(di was suitable for the highest class of work took place 
in the year i877. Mars was then a magnificent object, and 
received much, and deserved, attention. The favourable opposi- 
tions follow ca(ih other at somewhat irregular intervals; the 
last occurred in the year 1802, and another will take ])lace 
in the year 1909. 

The apparent movements of Mars are by no means simple. 
We can imagine the embarrassment of the early astronomer 
who first undertook the task of attempting to decipher these 
movements. The planet is seen to be a brilliant and con- 
spicuous object. It attracts the astronomer’s at tention ; ho 
looks carefully, and he sees how it lies among the (jonstellations 
with which he is familiar. A few nights later he observes 
the same body again ; but is it exactly in the same place ^ 
He thinks not. He notes more carefully than before the place 
of the planet. lie sees how it is situated with regard to the 
stars. Again, in a few days, his observations arc repeated. 
There is no longer a trace of doubt about the matter — Mars 
has decidedly changed his position. It is veritably a wanderer. 

Night after night the primitive astronomer is at his post. 
He notes the changes of Mars. He sees that it is now 
moving even more rapidly than it was at first. Is it going 
to complete the circuit of the heavens ? The astronomer 
determines to watch the orb and see whether this surmise 
is justified. He pursues his task night after night, and at 
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length he begins to think that the body is not moving quite 
so rapidly as at first. A few nights more, and he is sure of 
the fact: the planet is moving more slowly. Again a few 
nights more, and he begins to surmise that the motion may 
cease; after a short time the motion does cease, and tlio 
object seems to rest ; but is it going to remain at rest for 


Fig. 49. — The Apparent Movements of Mars hi 1877. 



ever ? Has its long journey been finished ? For many nights 
this seems to be the case, but at length the astronomer suspects 
that the planet must bo commencing to move backwards. A 
few nights more, and the fact is confirmed beyond possibility 
of doubt, and the extraordinary discovery of the direct and 
the retrograde movement of Mars has been accomplished. 

In the greatei> part of its journey around the heavens 
Mars seems to move steadily from the west to the east, h 
moves backwards, in fact, as the moon moves and as the sun 
moves It is only during a comparatively small part of its 




MARS. 


213 


path that those elaborate movements are accomplished which 
presented such an enigma to the primitive observer. We show^ 
in the adjoining picture (Fig. 49) the track of the actual journey 
which Mars accomplished in the opposition of 1877. The figure 
only shows that part of its path which presents the anomalous 
features ; the rest of the orbit is pursued, not indeed with 
uniform velocity, but with unaltered direction. 

This complexity of the apparent movements of Mars seems 
at first sight fatal to the acceptance of any simple and 
elementary explanation of the planetary motion. If the 
motion of Mars were purely elliptic, how, it may well be 
said, could it perform this extraordinary evolution ? The 
elucidation is to be found in the fact that the earth on 
wliich we stand is itself in motion. Even if Mars were at 
rest, the fact that the earth moves would make the planet 
appear to move. The apparent movements of Mars are thus 
combined with the real movements. This circumstance will 
not embarrass the geometer. He is al)le to disentangle the 
true movement of the planet from its association with the 
apparent movement, and to account completely for the com- 
plicated evolutions exliibitcd by Mars Could wo tr.ansfer our 
point of view from the ever-shifting earth to an immovable 
standpoint, we should then sec that the shape of the orbit 
of Mars was an ellipse, described around the sun in con- 
formity with the laws which Kepler discovered by observations 
of this planet. 

Mars takes G87 days to travel round the sun, its average 
distance from that body being 141,500,000 miles. Under the 
most iavourable circumstances the planet, at the time of 
opposition, may approacli the earth to a distance not greater 
than about 85,500,000 miles. Ko doubt this seems an enor- 
mous distance, when estimated by any standard adapted for 
terrestrial measurements ; it is, indeed, considerably greater than 
the distance of Venus when nearest, but it is much less than 
the distance from the earth to the sun. 

We have explained how the fomi of the solar system is 
known from Kepler’s laws, and how the absolute size of the 
‘‘system and of its various parts can be known when the direct 
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measurement of any one part has been accomplished. A close 
approach of Mars affords a favourable opportunity for incasurin<»’ 
his distance, and thus, in a dilforent way, solving the same 
problem as that investigated by the transit of Venus. We 
are thus led a second time to a knowledge of the distance of 
the sun and the distances of the planets generally, and to 
many other numerical facts about the solar system. 

On the occasion of the opposition of Mars in 1877 a 
successlul attempt was made to apply this retined process 
to the solution of the ])roblem of celestial measurement. It 
(‘annot. be said to have been the first occasion on which this 
method was suggested, or even [)ractically attempted. The 
observations of 1877 were, however, ( onducted with such skill 
and with such niimite attention to the ne(*essary precautions 
as to render them an important contribution to astronomy. 
Sir l)a\’id (Jill, now the Astronomer Iloyal at the C-ape of 
(lood Hope, undertook a journey to the Island of Ascension 
for the purpose of observing the parallax of ^[ars in 1877. 
On this occasion ]Mars approached to the earth so closely as 
to afford an admirable opportunity for the aj^plication of the 
method. Sir David (HU obtained a very valuable scries of 
'measurements, and from them he (‘oncluded the distance of 
the sun Avith an accurac-y somewhat su])erior to that attainable 
by the transit of N'enus. 

There is yet another method by which Mars can be made* 
to give us inforniation as to the distance of the sun. This 
method is omi of some delica(*y, and is interesting from its 
connection Avith the loftiest empiiries in mathematical as- 
tronomy. It Avas foreshadoAved in the Dynamical theory of 
Newt.on, and Avas Avrought to ])crfection by Le Verrier. It is 
based upon the great kiAV of gravitation, and is intimately 
associated with the splendid discoveries in planetary pertur- 
bation Avhich form so striking a cliaptcr in modern astronomical 
discovery. 

There is a certain relation betAveen tAvo (piantities Avhith 
at first sight, seems quite independent. These (piantities are 
the mas.s of the earth and the distance of the sun. The 
distanc<3 of the sun bears to a certain distance (Avhich can 
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be calculated when we know the intensity oi‘ gravitation at 
the earths surlacc, the size of the eartli and the length of 
the year) the sanic proportion that the cube root, of the 
sun’s mass bears to the cube root of that of the c'artli. 
'riicrc is no uncertainty about this result, atid the consc- 
([ucnce is obvious. If avo have the means of Aveighing tlie 
earth in comparison with tlie sun, then the distance of the 
sun can be immediately deduced. Hoav are Ave to place 
our great earth in the Aveighing scales ^ This is the problem 
Avhich Le V^errier has slnjwn us how to solve, and he does 
so by invoking the aid of the j)lan<it Mars. 

if Mars in his revolution around the sun Avere solely 
SAvayed by the attraction oi' the sun, lu^ AA^ould, in acc ordance 
with the Avell-known laAvs of planetary motion, folio av for ever 
tlie same elliptic path. At the end of one (xaitury, or (^ven 
of many centuries, the shape, the size, and the position of 
that ellipse Avould remain unaltered. Fortunately for our 
])resent purpose, a disturbance in the orbit, of Mars is pro- 
duced by the earth. Although the mass of our globe is so 
much less than that of the sun, yet the earth is still large 
enough to exerciser an appr(‘ciable attra(*tion on Mars. The 
(‘llipsc described by the planet is conscMpiently not invariable. 
The shape of that ellipse and its position gradually change, 
so that the position of the planet depends to some exUait 
upon the mass of th(^ eai'th. The place in Avhich the ])lanet 
is found can b(' determined by observation; the place Avhich 
the planet Avould have had if the earth wtav absent can be 
found by calculation. Tlie difference between the two is due 
to the attraction of the earth, and, Avdien it has been measured, 
the mass of the earth can be asc'crtained. dhe amount of 
displacement increases from one c.entury to another, but as 
the rate of growth is small, ancient obsia'vations arc necessary 
to enable the measures to be made Avith accuracy. 

A remarkable o(icurrcnco Avhich took })lace more than 
two centuries ago fortunately enables the place ot Mars to 
be determined Avith great precision at that date. (hi the 
1st of October, 1672, three independent observers Avitnessed 
the occultation of a star in Aipiarius by the ruddy planet. 
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The place of the star is known with accuracy, and hence we 
are provided witli llie means of indicating the exact point 
in the heavens occupied by Mars on the day in question. 
From this result, combined with the modern meridian obser- 
vations, wo loam that the displacement of Mars by tlie attrac- 
tion of the oartli has, in the lapse of two centuries, grown to 
about five minutes of arc (294 seconds). It has been main- 
tained that this cannot be erroneous to the extent of more 
than a second, and lienee it Avouhl follow tliat the earth’s 
mass is determined to about one tJirce-liundredth part of 
its amount. IF no other error wiire present, tliis would 
give the sun’s distance to about one nine-hundredth part. 
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Notwithstanding the intrinsic l)ejiuty of this method, and 
tlie very high auspices under which it has been introduced, it 
is, we think, at ])resent hardly worthy of reliance in comparison 
with SOUK) of the other methods. As the displac.ement of Mars, 
du<^ to tlie ])erturbing indiuaice of the earth, go(;s on iiaux^as- 
ing continually, it Avill ultimately attain sufficient magnitude 
to gi\^e a xevy exact value of the earth’s mass, and tla^n 
this method will gi\^e us tlu^ distanc(^ of the sun Avith great 
precision. But interesting and beautiful though this method 
may be, avc must as yet rather regard it as a striking c.on- 
firmatiou of tlie laAv of gravitation than as alfording an 
acfoirate nu'ans of UK^asuring the sun’s distance. 

The close approacln^s of Mars to th(^ eart-li afford us oppor- 
tunili(?s for making a careful telescopic scrutiny of his sur- 
face. It must not be expected that the details on Mars 
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could bo inspected with the same minuteness as those on 
the moon. Even under the most favourable circumstances, 




Fi*^. T)!. — T)r<awinj? of Mara 
(July noth, 1801). 


Fij^. o2. — Drawing of Mars 
(August U)th, 1801). 


Mars is still almost a hundred and forty times as far as the 
moon, and, therefore, the features of the pLuiet would have to 





I’ ig. Oo. — Flovatioiis and Dfpivssions on tin* 
“ 0\nninator " of Mars (August 2 1th, ISOl). 



Fig. ol. — 'I'ho Suutlirrn I’olar 
Cap on :\lars (duly 1, 1804). 


nt least as lart’e in proportion if they were to bo seen as 
^hstiiictly as the features on the moon. Mars is mucli 
^’Haller than the earth. The diameter of the [)lanet is 
^ ~0() miles, but little more than half that ot‘ the earth. 
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50 sliows tlie comparative sizes of the two bodies. \V(j! 
bore re]m)(lucc two of the remarkable drawings* of Jlars 
made by IVofessor A\"illiam 11. Pickering at the Low(‘l] 
Observatory, Klagslalf, Arizona. Fig. 51 was taken on the 
oOtli of July, I<S94, and Fig. 52 on tlic Kith of August, 
1804. 

The southern polar cap on ^lars, as se(in by Professor 
William 11. bickering at Lowell Observatory on the 1st of July, 
1804, is represented in Fig. 54.* The remarkable black 
mark intruding into the polar area will be noticed. Jn 
Fig. 58 are shown a series of unusually marked eleva- 
tions and depressions upon the “ terminator ” of the j)lanet, 
drawn as accurately as possible to scale by the same ski lb d 
hand on the 24th of August, 1804. 

In making an examination of the planet it is to he 
observed that it does not, like the inoon, always ])i‘eseiii 
the same face towards the observer. Mars rotates upon an 
axis in exactly the satne manner as the earth. It is not a 
little remarkable that the period reejuired by Mars tor the 
com])lotion of one rotation should bo only about lialf an 
hour greater than the period of rotation of the earth. Tla* 
exact period is 24 hours, 87 minutes, 22^ se(tonds. It tln^re- 
foni follows that the aspect, of the ])lanet. changes from hour 
to hour. The western side gradually sinks from view, the 
eastern side gradually assumes prominence. In tAvelve hours 
the aspect of the planet is completely changed. Thcs(‘ 
changes, together with the inevitabki effects of foreshorteming 
render it often difficult to correlate the objects on the ])lanei 
with those on the maps. The latter, it- must be confes.siHl, 
fall short of the maps of the moon in definiteness and in ( ('i* 
tainty: yet there is no doubt that the main features of tic 
planet are to be regarded as thoi-oughly established, and 
some astronomers have given names to all the promineni 
objects. 

The markings on tlic sinTace of Mars are of two classes. 
Some of them are of an iron-grey hue verging on green 
while the others arc generally dark yelloAv or oraiig** 

^ See “ A.stronorny and Astrophysics,” No. 128 . 
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occasionally verging on Avliite. It seeincrt natural to think 
that the fornicr represented the tracts of oc^ean, the latter 
llio continental masses on the ruddy planet. \\"c possess a 
great number of drawings of Mars, the earliest, being talaai 
ill tlie middle of the seventeenth century. Tliougli these 
earl 3^ sket('hcs are very rough, and arc not. of much value 
for the solution of (piestions of lo])ography, they have been 
tbund very useful in aiding ns to fix the piTiod of rotation 
of the planet on its axis by comparison Avith our modern 
( Irawings. 

Early observ('rs had already noticed that each of the 
poles of Mars is distinguished by a white spot. It is, how- 
ever, to William Herschel that we owe the first systematic 
study of these remarkable polar caps. This illustrious 
astronomer was rewarded by a very interesting discjovery. 
fie found that these arctic*, tracts on Mars vary both in 
(‘xtent and distinctness with the seasons of the hemisphere 
oil Avhich they are situated. They attain a maximum 
develo])mcnt. from three to six months after the Avintcr 
solsticic on that planet, and then diminish until they arc 
smallest about three to six months alter thc^ siimmei* solstice. 
The analogy with t.ho behaviour of the masses of snow and 
ice which surround our own polos is com})letc, and there has 
been hardly any doubt that the Avhite polar spots of Mars 
are somewhat similarly constituted. 

As the period of revolution of .Mars around the sun is 
So much longer than our year, (_)S7 days insteafl ol 8()5, tlio 
seasons of the planet are, of course, also much long('r than 
the b'rrestrial s(aisons. In the northern hemisphere of ^lars 
die summer lasts for no foAvc'r than 8SI days, and the Avinter 
must b(? 8()() days. In both hemispheres the white polar 
''a]) in the cours() of the long Avinter season increase's until 
'•t I’eacihes a diameter of 45*^^ t-o oO'^’, while the long summer 
icduc(‘s it to a small area only 4*^’ or 5*^’ in dianu'ter. It is 
‘markable that one of tlu'se Avhite regions^ — that, at the 
'^'>iith pol( 3 — seems not to lie (joncentih^ with the ])ol(', lait is 
1 'bleed so much to om^ side that the siuith ])ole ot ^lars 
■']'])ears to be ipiite free from ice or snow once a year. . 
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Although many valuable observations of Mars were made 
in the course of the nineteenth century, it is only since the 
very favourable opposition of 1S77 that the study of the 
surface of ]\Iars has made that inimense progress wliich is 
one of the most reiriarkable ieaturcs of modem astronomy. 
Among the observers who prodiKJod valuable drawings of 
the |)]anet in 1877 we may mention Mr. Green, whose excpiisitc 
pictures were published by the Royal Astronomical Society, 
and Professor Schiaparelli, of iMilan, who almost revolutionised 
our knowledge of this planet. Schiaparelli had a refractor 
of only eight inches aperture at his disposal, but he was 
doubtless much favoured b}^ the purity of the Italian sky, 
whi(ih enabled him to detect in the bright portions of the 
surface of Mars a (jonsidei'able number of long, narrow lines. 
To these he gave the name of “ canals,'’ inasmuch as they 
issued from tlie so-called oceans, and could be traced across 
the reputed continents for considerable distances, which some- 
times reached thousands of miles. 

The canals seemed to form a kind of netwoi*k, which con- 
nected the various seas with each other. A f('w of the 
more conspicuous of lliese so-called canals appeared indeed 
on some of the drawings made by Dawes and others before 
Schiaparelli’s tinu\ It was, however, tln^ illustrious Italian 
astronomer who det.ected that these narrow lines are present 
in such great numbers as to form a notable feature of the 
planet. Some of these remarkable features ai’e shown in 
Figs. 51 and 52, which are copied from di’awings made ly 
Professoi’ William 11. Pi(*kering at the Lowell Observatory 
in 1<S94. 

Great, as had been the surprise of astronomers wlaai 
Schiaparelli first ])roclaimed the discovery of these numei*oiis 
canals, it was, ])eihaps, surpassed by the astonishment with 
which his announcement was received in 1882 that most ol 
the canals had become double. Retween December, J88L 
and February, J8(S2, thirty of these dujdications appear to 
have taken plac(\ Niiu'teen of these wen^ cases of a avoU- 
traced parallel line being formed mnir a previously exist-inu 
canal. The i^emaining canals were less certainly established 
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or were cases where the two lines did not seem to be quite 
parallel. A copy of the map of Mars which Schiaparelli 
formed from his observations of 1881-82 is given in Plate 
XVIIL It brings out clearly these strange double canals, 
so unlike any features that we know on any other globe. 

Subsequent observations by Schiaparelli and several other 
observers seem to indicate that this phenomenon of the 
duplication of the canals is of a periodic character. It is 
produced about the times when Mars passes through its 
equinoxes. One of the two parallel lines is often super- 
posed as exactly as possible upon the track of the old 
canal. It docs, however, sometimes happen that both the 
lines occupy opposite sides of the former canal and are 
situated on entirely new ground. The distance between the 
two lines varies from about 860 miles as a maximum down 
to the smallest limit distinguishable in our large telescopes, 
which is something less than thirty miles. The breadth of 
each of these remarkable channels may range from the limits 
of visibility, say, up to more than sixty miles. 

The duplication of the canals is perhaps the most difficult 
problem which Mars offers to us for solution. Even if we 
admit that the canals themselves represent inlets or channels 
through which the melted polar snow makes its way across 
the equatorial continents, it is not easy to see how the 
duplicate canals can arise. This is especially true in those 
cases where the original channel seems to vanish and to 
be replaced by two quite new canals, each about the 
breadth of the English Channel, and lying one on each side 
of the course of the old one. The very obvious explanation 
that the whole duplication is an optical illusion has been 
brought forward more than once, but never in a conclusive 
manner. We must, perhaps, be content to let the solution 
of this matter rest for the present, in the hope that the 
extraordinary attention Avhich this planet is now receiving will 
in due time explain the present enigma. 

The markings on the surface of this planet are, generally 
speaking, of a permanent character, so that w^hen wo compare 
drawings made one or two hundred years ago with drawings 
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made more recently we can recognise in each the same features. 
This permanence is, however, not nearly so absolute as it is 
in the case of the moon. In addition to the canals which we 
have already considered, many other parts of the surface of 
Mars alter their outlines from time to time. This is particu- 
larly tlic case with those dark spots, the so-called oceans, 
the contours of which sometimes undergo modifications in 
matters of detail whh^h are quite unmistakable. Changes 
of colour are often observed on parts of the planet, and 
though some of these observations may perhaps be attributed 
to the influence of our own atmosphere on the planet’s 
appearance, they cannot be all thus accounted for. Some 
of the plicnomena must certainly be due to actual changes 
which have taken ])lacc on the surface of Mars. 

As an example of such changes, we may refer to the 
north-western part of the notable feature, to which Schiaparelli 
has given the name of Syrtis major. ^ This has at various 
times been re(*orded as grey, green, blue, brown, and even 
violet. When this region (about the time of the autumnal 
equinox of the northern liomisphere) is situated in tlie middle 
of tlie visible diset, the eastern part is distinctly greener than 
the western. As the season progresses this characteristic colour 
gets feebler, until the green tint is to be penjeived only on 
the shores of the Syrtis. The atmosphere of Mars is usually 
very transparent, and fortunately allows us to scrutinise the 
surface of the planet without putting obstacles in the way 
in the shape of Martian clouds. Such clouds, however, arc 
not invariably absent. Our view of the surface is occasionally 
obstructed in such a manner as to make it certain tliat clouds 
or mist in the atmosphere of Mars must bo the cause of tlie 
trouble. 

Would wo form an idea of the physical constitution of 
the surface of Mars, then the question as to the character ot 
the atmosphere of the planet is among the first to be con 
sidered. Spectroscopic observations do not in this case render 

♦ This is the curved marking which on Plate XVIII. appears in loiigitn<l‘' 
290'" and north of (that is, below) tlie equator. Here, as in all astronornie d 
drawings, north is at the f<jot and south at the top. above, p. 82 (Chapter 111 )• 
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US much assistance. Of course, we know that the planet has 
no intrinsic light. It merely shines by reflected sunlight. The 
hemisphere which is turned towards the sun is bright, and 
the hemisphere which is turned away from the sun is dark. 
The spectrum ought, therefore, like that of the moon, to bo 
an exact though faint copy of the solar spectrum, unless the 
sun’s rays, by passing twice through the atmosphere of Alars, 
suflered some absorption which could give rise to additional 
dark lines. Some of the earlier observers thought that they 
could distinctly make out some such lines due, as was 
supposed, to water vapour. The presence of such lines is 
denied by Mr. Campbell, of the Lick Observatory, and the 
late Professor Keeler, at the Allegheny Observatory,* who 
with their unrivalled opportunities, both instrumental and 
climatic, could find no dilierencc between the spectra of Mars 
and the moon. If Mars had an atmosphere of appreciable 
extent, its absorptive eflect should bo noticeable, especially 
at the limb of the planet ; but Mr. Campbell’s observations 
do not show any increased absorption at the limb. It would 
therefore seem that Mars cannot liavc an extensive atmo- 
sphere, and this conclusion is confirmed in several other ways. 

The distinctness with which wc see the surface of this 
|)lanet tends to show that the atmosphere must be very 
thin as compared Avith our own. There can hardly be any 
doubt that an observer on Mars Avith a good telescope Avould 
bo unable to distinguish much of the features of the earth’s 
surface. This avouUI be the case not only by reason of the 
strong absorption of the light during tlie double passage 
through our atmosphere, but also on account of the great 
diffusion of the light caused by tliis same atmosphere. Also, 
it. is needless to say, the great amount oi*^. cloud generally 
floating over the earth Avould totally obscure many parts 
our planet from a IVIartian obseiwer. But though, as 
already mentioned, Ave occasionally find parts of Mars rendered 
indistinct, it must bo acknowledged that the clouds on Mars 
are very slight. We should expect that the polar caps, if 
composed of snoAv, would, Avhen melting, produce clouds Avhich 

* Aftonvards Director of the T.ick Observatory. 
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Avould more or less hide the polar regions from our inspection : 
yet nothing of the kind has ever been seen. 

We have seen that there are very grave doubts as to tlu^ 
existence of water on Mars. No doubt we have frequent! \ 
spoken of the dark markings as “ o(jeans ” and of the briglu 
])arts as “ continents.’’ That this language was just has been 
the opinion of astronomers for a very long time. A few years 
ago .Mr. Schaeberle, of the Jack Observatory, came to the \er) 
opposite conclusion. He (‘ontended tliat the dark parts Aveae 
tlie continents and tlie briglit ones were the oceans of Avater. 
or some otlicr fluid. Me j)ointod to th('. irregular shading o| 
the dark parts, Avhich does not suggest tlie idea of light rcflecterl 
from a spherical surface of Abater, especially as the contrasts 
betAvecn light- and shade are strongest about the middle of 
the (lis(‘. 

It is also to be noticed that the dark regions are not in- 
frequently traversed by still darker streaks, Avhie-h can be trac(*(l 
for hundreds of miles almost in straight lines, while the so- 
called canals in the bright jiarts often seem to be continuatioiis 
of these same lines. Mr. Schaeherle therefore suggests that the 
canals may be chains of mountains stretching over sea and 
land! The late Trofessor Idiillips and Mr. H. \), Taylor have 
pointed out that if there Avere lakes or seas in the tropical 
regions of Mars avo should fi*equently see the sun direc^tly 
reflected from them, thus producing a bright, star-like point 
Avhich could not escape observation Kven moderately dis- 
turl)ed Avater Avould make its presence known in this manner, 
and yet nothing of the kind has ever been recorded. 

On the question as to the possibility of life on Mars a 
few words may be added. If avc could bo certain of the 
existence of Avater on ]\Iars, then one of the fundamental 
conditions Avould be fulfilled; and even though the atnie 
sphere on Mars had but fcAv points of resemblance cither iit 
composition or in density to the atmosphere of the earth 
life might still dje possible. Even if Ave could suppose that 
a man wouhl fiiul suitable nutriment for his body and suit 
able air for his res])iration, it seems very doubtful whether h<‘ 
would be able to live. Owing to the small size of Mars and 
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the smallness of its mass in comparison with the earth, the 
intensity of the gravitation on the neighbouring planet 
would be difterent from the attraction on the surface (^f the 
earth. We have already alluded to the small gravitation on 
the moon, and in a lesser degree the same i\*niarks will 
apply to Mars. A body which weighs on the earth two 
pounds would on the surface of Mars weigh rather less than 
one pound. Nearly the same ex(irtion which will raise a 
r)()-lb. weight on the earth would lift two similar weights on 
Mars. 

The earth is attended by one moon. Jupiter is attendefl 
by four conspicuous moons. Mars is a planet revolving between 
the orbits of the earth and of Jupiter. It is a body of the 
same general type as the earth and Jupiter. It is ruled by 
the same sun, and all three |)lanets form ]>art o: the same 
system; but as the earth has one monn and Jupiter four 
moons, why should not Mars also have a moon? No doubt 

Mars is a small body, less even than the earth, an<l much 

less than Jupiter. Wo could not e.xpeet Mars to have large 

moons, but why should it be unlike its two neighbours, and 

not have any moon at all ? So reasoned astronomers, but 
until modern times no satellite of Mars could be found. For 
centuries the planet has been diligently examined with this 
special object, and as failure after failure came to be recorded, 
the conclusion seemed almost to be justified that the chain 
of analogical reasoning had broken down. The moonless Jlars 
was thought to be an exception to the rule that all the great 
planets outside Venus were dignified by an attendant retinue 
of satellites. It seemed almost hopeless to begin again a 
research which had often been tried, and had invariably led 
to disappointment ; yet, fortunately, the present generation 
has witnessed still one more attack, conducted with perfect 
equipment and with consummate skill. This attempt has 
obtained the success it so well merited, and the residt has 
been the memorable detection of two satellites of Mars. 

This discovery was made by Professor Asaph Hall, the 
(Ustinguished astronomer at tlie observatory of Wasliington. 
Mr. Hall was provided with an instrument of colossal pro- 
p 
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portions and of exquisite workmanship, known as the great 
Washington refractor. It is the product of the celebrated 
workshop of Messrs. Alvan Clark and Sons, from which so 
many large telescopes have proceeded, and in its noble pro- 
portions far surpassed any other telescope ever devoted to the 
same research. The object-glass measures twenty-six inches 
in diameter, and is hardly less remarkable for the perfection 
of its definition than for its size. But even the skill of 
Mr. Hall, and the space-penetrating power of his telescope, 
would not have been able on ordinary occasions to discover 
the satellites of Mars. Advantage was accordingly taken of 
that memorable opposition of Mars in 1877, when, as we have 
already described, the planet came unusually near the earth. 

Had Mars been attended by a moon one-hundredth part of 
the bulk of our moon it must long ago have been discovered. 
Mr. Hall, therefore, knew that if there were any satellites 
they must be extremely small bodies, and he braced himself 
for a severe and diligent search. The circumstances wore all 
favourable. Not only was Mars as near as it well could be 
to the earth ; not only was the great telescope at Washington 
the most powerful refractor then in existence ; but the situa- 
tion of Washington is such that Mars was seen from the 
observatory at a high elevation. It was while the British 
Association were meeting at riymouth, in 1877, that a telegram 
flashed across the Atlantic. Brilliant success had rewarded 
Mr. Hall’s efforts. He had hoped to discover one satellite. 
The discovery of even one would have made the whole scientific 
world ring ; but fortune smiled on Mr. Hall. He discovered 
first one satellite, and then he discovered a second; and, in 
connection with these satellites, he further discovered a unique 
fact in the solar system. 

Deimos, the outer of the satellites, revolves around the planet 
in the period of 30 hours, 17 mins., 54 secs. , it is the inner 
satellite, Phobos, which has commanded the more special at- 
tention of every astronomer in the world. Mars turns round 
on his axis in a Martial day, which is very nearly the same 
length as our day of twenty-four hours. The inner satellite 
of Mars moves round in 7 hours, 39 mins., 14 secs. Phobos. 
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in fact, revolves three times round Mars in the same time 
that Mars can turn round once. This circumstance is un- 
paralleled in the solar system ; indeed, as far as we know, it is 
unparalleled in the universe. In the case of our own planet, 
the earth rotates twenty-seven times for one revolution of the 
moon. To some extent the same may be said of Jupiter and 
of Saturn ; while in the great system of the sun himself and 
the planets, the sun rotates on his axis several times for each 
revolution of even the most rapidly moving of the planets. 
There is no other known case where the satellite revolves 
around the primary more quickly than the primary rotates on 
its axis. The anomalous movement of the satellite of Jlars 
has, however, been accounted for. In a subsequent chapter 
we shall again allude to this, as it is connected with an 
important department of modern astronomy. 

The satellites are so small that wc are unable to measure 
their diameters directl}^ but from observations of their bright- 
ness it is evident that their diameters cannot exceed twenty 
or thirty miles, and may be even smaller. Owing to their 
rapid motion the tAvo satellites must present some remarkable 
peculiarities to an observer on Mars. Pliobos rises in the 
west, passes across the heavens, and sets in the east after 
about five and a half hours, Avhile Deimos rises in the east 
and remains more than two days above the horizon. 

As the satellites revolve in paths vertically above the 
equator of their primary, the one less than 4,000 miles and 
the other only some 14,500 miles above the surface, it follows 
that they can never be visible from the poles of Mars ; indeed, 
to see Phobos, the observers planetary latitude must not be 
al)ove 68J^ The satellite would be hidden from the polar 
regions by the body of Mars, just as we, in the British Islands, 
would be unable to sec an object revolving round the earth 
a few hundred miles above the equator. 

Before passing from the attractive subject of the satellites, 
we may just mention two points of a literary character. 
Mr. Hall consulted his classical friends as to the designation 
to be conferred on the two satellites. Homer was referred 
to, and a passage in the “Iliad” suggested the mimes ot 
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Deimos and Phobos. These personages were the attendants 
of Mars, and the lines in which they occur have been thus 
construed by niy friend Professor Tyrrell : — 

“Mars spake, an(i called Dismay and Rout 
To yoke his steeds, and he did on his harness sheen.” 

A curious circumstance with respect to the satellites of 
Mars will be familiar to those who are acquainted with 
” Gulliver’s Travels.” The astronomers on board the flying 
Island of Laputa had, according to Gulliver, keen vision and 
good telescopes. The traveller says that they had found two 
satellites to Mars, one of which revolved around him in ten 
hours, and the other in twenty-one and a half The author 
has thus not only made a correct guess about the number 
of the satellites, but he actually stated the periodic time 
with considerable accuracy ! Wo do not know what can have 
suggested the latter guess. Thirty years ago any astronomer 
on reading the voyage to Laputa would have said this state- 
ment was specially absurd. There might be two satellites to 
Mars, no doubt; but to say that one of them revolves in 
ten hours would be to assert wdiat no one could believe. 
Yet the truth has been even stranger than the Action. 

And now we must bring to a close our account of this 
beautiful and interesting planet. There are many additioird 
features over wdiich we are tempted to linger, but so many 
other bodies claim our attention in the solar system, so 
many other Ixalies which exceed Mars in size and intrinsic 
importance, that we are obliged to desist. Our next step 
will not, however, at once conduct us to the giant planets. 
We And outside Mars a host of objects, small indeed, but of 
much interest ; and with these we shall And abundant occu- 
pation for the following chapter. 



CHAPTER XL 


THE MJNOH PLANETS. 


TIk"* Lt‘.s.-5cr Momlxrs <»f our System — Tiode’s Luw — The VacMTit Keaiori in tho 
Planetary System — Tho Research— Tho Discovery ol‘ Piazzi— Was the small 
ilody a Planet? — The Planet becomes Jiivit'ihle — Dauss undertakes the Scarcli 
by Mathematics — Tho Planet Recovered — Piirther l)iscovenes — Number of 
Minor Planets now known — Tho h*cgion to be Searched — The Construction 
of the Chart for the Search for Small Plain ts — How a Minor Planet is Dis- 
(H)vered — Physical Xature of the Minor Planets — Small Gravitation on th<} 
Minor .Planets — Tho P)erlin Comjuitations — >I(>w the Minor Planets tell us 
the Distance of the Sun — Accuracy of the ( )os«.r rations -How they may be 
Multi])liod — Victoria and Sai»]>ho— The must IVrh-ct Method. 

T\ our chapters on the Sun and ^loon., on the .Earth and 
\'eniis, and on Mercury and Mars, we have been discussing* 
the features and the inovomcnts of globes of vast ditneiisions. 
The least of all these bodies is the moon, but even that globe 
has more than *2, 000 miles in its diameter. In ap[)roaching 
the subject of the minor planets wc must be })repared to find 
objects of dimensions (piile inconsiderable in comparison with 
the great spheres of our system. Xo doubt these minor 
planets arc all of them some few miles, and some of thi'iii a 
great many miles, in diameter. Wei*e they close to the earth 
they would be conspicuous, and even splendid, objects ; but 
as they are so distant tliey do not, even in our greatest 
telescopes, become very remarkable, while to the unaided eye 
tiiey are almost all invisible. 

In the diagram (p. 284) of the orbits of the various planets, 
it is shown that a wide space exists between the orbit of 
Mars and that of Jupiter. It was often surmised that this 
ample region must be tenanted by some other planet. The 
presumption became much stronger when a remarkable law 
b^as discovered which exhibited, with considerable accuracy, the 
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relative distances of the great planets of our system. Take 
the series of numbers, 0, 3, 6, 12, 24, 48, 96, whereof each 
number (except the second) is double of the number which 
precedes it. If we now add four to each, we have the series 
4, 7, 10, 16, 28, 52, 100. With the exception of the fifth of 
these numbers (28), they are all sensibly proportional to the 
distances of the various planets from the sun. In fact, the 
distances are as follows: — Mercury, 3*9 ; Venus, 7*2; Earth, 10; 
Mars, 15*2; Jupiter, 52*9; Saturn, 95*4. Although we have no 
physical reason to offer why this law — generally known as 
Bode’s — should be true, yet the fact that it is so nearly true 
in the case mf all the great planets tempts us to ask whether 
there may not also be a planet revolving around the sun at 
the distance represented by 28. 

So strongly was this felt at the end of the eighteenth 
century that some energetic astronomers decided to make a 
united effort to search for the unknown planet. It seemed 
certain that the planet could not be a large one, as otherwise 
it must have been found long ago. If it should exist, then 
means were required for discriminating between the planet 
and the hosts of stars strewn along its path. 

The search for the small planet was soon rewarded by a 
success which has rendered the evening of the first day in the 
nineteenth century memorable in astronomy. It was in the 
pure skies of Palermo tliat the observatory was situated where 
the memorable discovery of the first known minor planet was 
made by Piazzi. This laborious and accomplished astronomer 
had organised an ingenious system of exploring the heavens 
which was eminently calculated to discriminate a planet among 
the starry host. On a certain night he would select a series 
of stars to the number of fifty, more or less, according to 
circumstances. With his meridian circle he detennined the 
places of the chosen objects. The following night, or, at all 
events, as soon as convenient, he reobserved the whole fifty 
stars with the same instrument and in the same manner, and 
the whole operation was afterwards repeated on two, or perhaps 
more, nights. AVhen the observations were compared together 
he was in possession of some four or more places of each 
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one of the stars on different nights, and the whole series was 
complete. He was persevering enough to carry on these 
observations for very many groups, and at length he was 
rewarded by a success which amply compensated him for 
all his toil. 

It was on the 1st of January, 1801, that Piazzi com- 
menced for the one hundred and fifty-ninth time to observe 
a new scries. Fifty sbirs this night were viewed in his tele- 
scope, and their places were carefully recorded. Of these 
objects the first twelve were undoubtedly stellar, and so to 
all appearance was the thirteenth, a star of the eighth 
magnitude in the constellation of Taurus. There was nothing 
to distinguish the telescopic appearance of this object from 
all the others which preceded or followed it. The following 
night Piazzi, according to his custom, re-observed the whole 
fifty stars, and he did the same again on the 3rd of J anuary, 
and once again on the 4th. He then, as usual, brought 
together the four places he had found for each of the 
several bodies. When this was done it was at once seen 
that the thirteenth object on the list was quite a different 
body from the remainder and from all the other stars which 
he had ever observed before. The four places of this 
mysterious object w'ere all different; in other words, it was 
in movement, and was therefore a planet. 

A few days’ observation sufficed to show how this little 
body, afterwards called Ceres, revolved around the sun, and 
how it circulated in that vacant path intermediate between 
the path of Mars and the path of Jupiter. Great, indeed, 
was the interest aroused by this discovery and the influ- 
ence which it has exercised on the progress of astronomy. 
The majestic planets of our system had now to admit a 
much more humble object to a share of the benefits dis- 
pensed by the sun. 

After Piazzi had obtiiined a few further observations, the 
season for observing this part of the heavens passed away, 
and the new planet of course ceased to be visible. In a few 
months, no doubt, the same part of the sky Avould again be 
above the horizon after dark, and the stars would of course be 
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seen as before. The planet, however, was moving, and would 
continue to move, and by the time the next season had 
arrived it would have passed off into some distant region, 
and would be again confounded with the stars which it so 
closely resembled. How, then, was the planet to be pursued 
through its period of invisibility and identified when it again 
came within reach of observation ? 

This difficulty attracted the attention of astronomers, and 
they sought for some method by which the place of the 
planet could be recovered so as to prevent Piazzis dis- 
covery from falling into oblivion. A young German mathe- 
matician, whose name was Gauss, opened his distinguished 
career by a successful attempt to solve this problem. A 
planet, as we have shown, describes an ellipse around the 
sun, and the sun lies at a focus of that curve. It can ho 
demonstrated that when three positions of a planet are 
known, the ellipse in Avhich the planet moves is completely 
determined. Piazzi had on each occasion measured the place 
which the planet then occupied. This information was 
available to Gauss, and the problem which he had to solve 
may be thus stated. Knowing the place of the planet on 
three nights, it is required, without any further observations, 
to tell what the place of the planet will be on a special occa- 
sion some months in the future. Mathematical calculations, 
based on the laws of Kepler, will enable this problem to be 
solved, and Gauss succeeded in solving it. Gauss demon- 
strated that though the telescope of the astronomer was 
unable to detect the wanderer during its season of invisi- 
bility, yet the pen of the mathematician could follow it with 
unfailing certainty. When, therefore, the progress of the 
seasons permitted the observations to be renewed, the search 
was recommenced. The telescope was directed to the point 
which Gauss’s calculations indicated, and there was the 
little Ceres. Ever since its re-discovery, the planet has been 
so completely bound in the toils of mathematical reasoning 
that its place every night of the year can be indicated 
with a fidelity approaching to that attainable in observing 
the moon or the great planets of our system. 
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The discovery of one minor planet was quickly followed 
by similar successes, so that within seven years Pallas, Juno, 
and Vesta were added to the solar system. The orbits of 
all these bodies lie in the region between the orbit of Mars 
and of Jupiter, and for many years it seems to have been 
thought that the planetary system was now complete. Forty 
years later systematic research was again commenced. Planet 
after planet was added to the list: gradually the discoveries 
became a stream of increasing volume, until on 81st October, 
U)08, the total number exceeded 550. The distribution of 
the principal of these little bodies is as represented in Fig. 55. 
The mean distances of the minor planets from the sun are 
generally between 2 and 8 times the distance of the earth 
from the sun. One, however, was discovered by Charlois on 
isth March, 1808, which has a mean distance greater than 
4, while on the other hand the distance of Pros is under 15 . 

It is knoAvn that the paths in wliich all the great 
planets move through the heavens coincide very nearly with 
the path which the sun appears to follow among the stars, 
and which is known as the ecliptic. It is natural to assume 
that the small planets also move in the same great high- 
Avay, which leads them through all the signs of the zodiac 
in succession. Some of the small ])lanets, no doubt, deviate 
rather widely, and a few very widely, from the ecliptic, but 
the great majority are approximately near it. This considera- 
tion at once simplifies the search for iicav planets. A certain 
z«)ne extending around the heavens is to be examined, but 
there is in general little advantage in pushing the research 
into other parts of the sky. 

The next step is to construct a map containing all the 
stars in this region. This is a task of very great labour; 
the stars visible in the large telescopes are so numerous 
that many tens of thousands, perhaps wo should say hundreds 
<>f thousands, are included in the region so narrowly limited. 
Ihe fact is that many of the minor planets now known are 
^’i'.jects of extreme minuteness ; they can only be seen with 
powerful telescopes, and for their detection it is noces- 
to use charts on which even the iaintest stars have 



234 . 


THE STORY OF THE HEAVENS. 


been depicted. Many astronomers have concurred in the 
labour of producing these charts ; among them may be 
mentioned Palisa, of Vienna, who by means of his charts has 
found eighty-three minor planets, and the late Professor 



Fig. 0.3. —The Zone of Minor Planets between Mars and Jupiter. 


Peters, of Clinton, New York, who in a similar way tound 
forty-nine of these liodies. 

The astronomer about to seek for a new planet directs 
his telescope towards that part of the sun’s path which is on 
the meridian at midnight; there, if anywhere, lies the 
chance of success, because that is the region in which such a 
body is nearer to the earth than at any other j^art of its course. 
He compares his chart carefully with the heavens, and 
usually finds the stars in the heavens and the stars in the 
chart to correspond; but sometimes it will happen that a 
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point in the heavens is missing from the chart. His atten- 
tion is at once arrested ; he follows the object with care, and 
if it moves it is a planet. Still he cannot be sure that he 
has really made a discovery ; he has found a planet, no doubt, 
but it may be one of the large number already known. To 
clear up this point he must undertake a further, and some- 
times a very laborious, enquiry; he must search the Berlin 
Year-Book and other ephemerides of such planets and see 
wliether it is possible for one of them to have been in the 
position on the night in question. If he can ascertain that 
no previously discovered body could have been there, he is 
then entitled to announce to his brother astronomers the 
discovery of a new member of the solar system. It seems 
certain that all the more important of the minor planets have 
been long since discovered. The recent additions to the list 
are generally extremely minute objects, beyond the powers of 
small telescopes. 

Since 1891 the method of searching for minor planets 
which we have just described has been almost abandoned in 
favour of a process greatly superior. It has been found feasible 
to employ photography for making charts of the heavens. A 
photographic plate is exposed in the telescope to a certain 
region of the sky sufficiently long to enable very faint tele- 
scopic stars to imprint their images. Care has to be taken 
that the clock which moves the camera shall keep pace most 
accurately with the rotation of the earth, so that Hxed stars 
appear on the plate as sharp points. If, on developing the 
plate, a star is found to have left a trail, it is evident that 
this star must during the time of exposure (generally some 
hours) have had an independent motion of its own; in other 
'vords, it must be a planet. For greater security a second 
picture is sometimes taken of the same region after a short 
interval. If the place occupied by the trail on the first plate 
IS now vacant, while on the second plate a new trail appears 
in a line with the first one, there remains no possible doubt 
that we have genuine indications of a planet, and that we 
have not been led astray by some impurity on the plate or 

a few minute stars which happened to lie very closely 
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together. Wolf, of Heidelberg, and following in his footste{)s 
Charlois and others, have in this manner discovered a great 
mnuber of new minor planets, while they htave also recovered 
many of those whicdi had been lost sight of owing to aii 
insufficiency of observations. 

On the 13th of August, 1898, Herr G. Witt, of the observa- 
tory of Urania in Berlin, discovered a new asteroid by tho 
photographic method. This object was at first regarded merely 
as forming an addition of no special importance to the 432 
asteroids whose discovery had preceded it. It received, as 
usual, a provisional designation in accordance wdth a simple 
alphabetical device. This temporary label affixed to Witt’s 
asteroid was ‘‘ D Q.” But the formal naming of the asteroid 
has now superseded this label. Herr Witt has given to his 
asteroid the name of “ Eros.” This has been duly accepted by 
astronomers, and thus for all time the planet is to bo known. 

The feature which makes the discovery of Eros one of 
the most remarkable incidents in recent astronomy is that 
on those rare occasions when this asteroid comes nearest to 
the earth it is closer to the earth than the planet Mars can 
ever be. Closer than the planet A^enus can ever be. Closer 
than any other known asteroid can ever be. Thus wo assign 
to Eros the exceptional position of being our nearest planetary 
neighbour in the Avhole host of heaven. Under certain circum- 
stances it will liave a distance from the earth not exceeding 
one-seventh of the mean distance of the sun. 

Of the physical composition of the asteroids and of tlio 
character of their surfaces ^ve are entirely ignorant, l^a- 
anything we can tell, these planets may indeed be globes 
like our earth in miniature, diversified by continents and by 
oceans. If there be life on such bodies, which are often 
only a few miles in diameter, that life must be something 
totally different from anything with which we are familiar. 
Setting aside every other difficulty arising from the possible 
absence of w^ter and from the great improbability of finding 
there an atmosphere of a density and a composition suitable 
for respiration, gravitation itself would prohibit organic beings 
adapted for this earth from residing on a minor planet. 
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Let us attempt to illustrate this point, and suppose that 
take the case of a minor planet eight miles in diameter, 
or, in round numbers, one-thousandth part of the diameter 
of the earth. If we further suppose that the materials of the 
planet are of the same nature as the substances in the earth, 
it is easy to prove that the gravity on the surface of the 
planet will be only one-thousandth part of the gravity of the 
earth. It follows that the weight of an object on the earth 
would be reduced to the thousandth part if that object were 
transferred to the planet. This would not bo disclosed by 
an ordinary weighing scales, where the weights are to be 
placed in one pan and the body to be weighed in the other. 
Tested in this way, a body would, of course, weigh precisely 
the same anywhere ; for if the gravitation of the body is 
altered, so is also in equal proportion the gravitation of the 
counterpoising weights. But, weighed with a spring balance, 
the change would be at once evident, and the etlbrt with 
which a weight could be raised would be reduced to one- 
thousandth part. A load of one thousand pounds could be 
lifted from the surface of the planet by the same eftbrt which 
would lift one pound on the earth ; the eftects which this 
would produce are very remarkable. 

In our description of the moon it was mentioned (p. 103) 
that we can calculate the velocity with which it would be 
necessary to discharge a projectile so that it would never 
again fall back on the globe from which it was expelled. We 
applied this reasoning to explain why the moon has apparently 
altogether lost any atmosphere it might have once possessed. 
If we assume for the sake of illustration that the densities 
all planets are identical, then the law wdiich expresses the 
critical velocity for each planet can be readily stated. It is, 
in fact, simply proportional to the diameter of the globe in 
question. Thus, for a minor planet whose diameter was one- 
diousandth part of that of the earth, or about eight miles, 
Ibo critical velocity would be the thousandth part of six miles 
second — that is, about thirty feet per second. This is a low 
Velocity compared with ordinary standards. A child easily 
teses a ball up fifteen or sixteen feet high, yet to carry it 
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up tliis height it must be projected with a velocity of thirty 
feet per second. A child, standing upon a planet eight miLjs 
in diameter, throws his ball vertically upwards; up and up 
the ball will soar to an amazing elevation. If the original 
velocity were less than thirty feet per second, the ball would 
at length cease to move, would begin to turn, and fall with 
a gradually accelerating pace, until at length it regained the 
surface with a speed equal to that with which it had been 
projected. If the original velocity had been as much as, or 
more than, thirty feet per second, then the ball would soar 
up and up never to return. In a future chapter it will be 
necessary to refer again to this subject. ^ 

A few of the minor planets appear in powerful telescojms 
as discs with appreciable dimensions, and they have even been 
measured with the micrometer. In this way Professor Barnard, 
late of the Lick Observatory, determined the following values 
for the diameters of the four first discovered minor planets ; — 


Ceres , 
Pallas . 
Juno 
Vesta , 


485 miles. 


304 

118 

243 






The value for Juno is, hoAvever, very uncertain, and by far 
the greater number of the minor planets are very much smaller 
than the figures here given would indicate. It is possible by 
a certain calculation to form an estimate of the aggregate 
mass of all the minor planets, inasmuch as observations disclose 
to us the extent of their united disturbing influences on tlie 
motion of Mars. In this manner Le Vender concluded that 
the collected mass of the small planets must be about equal 
to one-fourth of the mass of the earth. Harzer, repeating tiio 
enquiry in an improved manner, deduced a collected mass 
one-sixth of that of the earth. There can be no doubt that 
the total mass of all the minor planets at present known i^ 
not more than a very small fraction of the amount to which 
these calculations point. We therefore conclude that there 
must be a vast number of minor planets which have not yt.*t 
been recognised in the observatory. These unknown plaices 
must be extremely minute. 
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The orbits of this group of bodies differ in remarkable 
characteristics from those of the larger planets. Some of 
them are inclined at angles of 30" to the plane of the 
earth’s orbit, the inclinations of the great planets being 
not more than a few degrees. Some of the orbits of the 
minor planets are also greatly elongated ellipses, while, of 
course, the orbits of the large planets do not much de])art 
from the circular form. The periods of revolution of these 
small objects round the sun range from less than two years 
to nearly nine years. 

A great increase in the number of minor planets has 
rewarded the zeal of those astronomers who have devoted 
their labours to this subject. Their success has entailed a 
vast amount of labour on the computers of the “ Berlin Year- 
Book.” That useful work occupies in this respect a position 
whi(ih has not been taken by our own “Nautical Almanac,” 
nor by the similar publications of other countries. A skilful 
band of computers make it their duty to provide for the 
“Berlin Year-Book” detailed informal ion as to the move- 
ments of the minor planets. As soon as a few complete 
observations have been obtained, the little object passes into 
the secure grasp of the mathematician; he is able to predict 
its career for years to come, and the announcements with respect 
to all the known minor planets are to be found in the 
annual volumes of the work referred to. 

Tlie growth of discovery has been so rapid that the 
necessary labour for the preparation of such predictions is 
now enormous. It must be confessed that many of the minor 
planets are very faint and otherwise devoid of interest, so 
that astronomers are sometimes tempted to concur with the 
suggestion that a portion of the astronomical labour now 
‘levoted to the computation of the paths of these bodies 
uiight be more profitably applied. For this it would be only 
nc(*essary to cast adrift all the less interesting members of 
die host, and allow them to pursue their paths unwatched 

the telescope, or by the still more ceaseless tables of the 
iiiathematical computer. 

The sun, which controls the mighty orbs of our system, 
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does not disdain to guide, with equal care, the tiny globes 
wliich form the minor planets. At certain times some o[ 
them approach near enough to the earth to merit the attention 
of those astronomers who are specially interested in detei’ 
mining the dimensions of the solar system. The observatioiiN 
are of such a nature that they can be made with considerabli; 
precision; they can also be multiplied to any extent that iiia\ 
be desired. Some of these little bodies have consequently 
a great astronomical future, inasmuch as they seem destiue<l 
to indicate the true distance from the earth to the sun more 
accurately than Venus or than Mars. The smallest of these 
planets will not answer for this purpose; they can only be scm 
in powerful telesc<q)es, and they do not admit of being measured 
with the necessary accuracy. It is also obvious that the })lant.*ls 
to be chosen for observation must come as near the earth as 
possible. Some of the minor planets approach the earth lo 
a distance about three ^-quar tors that of the sun, and Kros 
occasionally much closer still. These various conditions 
limit the nundoer of iMxlies available for this jmrposo to 
about a dozen, of which one or two wdll usually be suitably 
placed each year. 

For the determination of the sun’s distance this method 
by the minor planets offers unquestionable advantages. The 
orb itself is a minute star-like point in the telesco])e, uirl 
the measures arc made from it to the stars which are se<‘U 
near it. A few w'ords will, perhaps, be necessary at this 
place as to the nature of the observations referred to. A\dicii 
we speak of the measures from the planet to the star, wc (io 
not refer to what wa)idd be perhaps the most ordinary 
acceptation of the expression. We do oiof mean the ai'tiial 
measurement of the number of miles in a straight liia* 
between the planet and the star. This element, even it 
attainable, could only be the result of a protracted 
of observations of a nature which wdll be explained lat«a 
on when we come to speak of the distances of the stars. 
The measures now referred to are of a more simple charac- 
ter; they are merely to ascertain the apparent distance 
the objects expressed in angular measure. This angular 
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Tiieasiireinent is oF a wholly dihcfoiit character Irom the linear 
measurement, aiul the two nictliods may, indeed, lead to 
residts that would at first seem paradoxical. 

W'e may take, as an illustration, the ease of the group 
of stars forming* the riciades, and those which form the 
(ireat Bear. The latter is a large grou)), th(^ former is a 
small one. But Avhy do we think the words large and small 
rightly a])plied here ? Each pair of stars oi* tlie (trc'at Hear 
mak('S a large angle with the eye. Pkich ])air of stars in the 
Pleiades makes a small angle, and it is these angles wliieli 
are the direct object of astronomical measurement. Wc speak 
of the distance of two stars, meaning thereby the angle Avliich 
is bounded by the two lines fi-om the eye to the two stars. 
This is what our instruments are able to measure, and it 
is to be observed that no referenct‘ to linear magnitude is 
implied. Indeed, if wc arc to mention actual dimensions, it 
is (juite possible, for anything avc can tell, tliat the Pleiades 
may form a much larger group than the (Ireat B(‘ar, and 
that the a[)])arent suj)eriority of the lattei* is merely due to 
its being closer to us. The most accurate of these angular 
measures are obtained when two stars, or two star-like points, 
«arc so (‘lose together as to (‘liable them to be included in one 
field of view of the telescopic. Tliere are special foi’ins of 
apparatus whi(‘h enable the astronomer in this case to 
give to his observations a precision unattainable in tlio 
measurement of (.)bje(‘ts less definitely marked, or at a 
gr(‘ater ajipaivnt distanc('. The determination of the distaiujc 
<4 the small star-like planet from a star is therefore 
characterised by gri^at accuracy. 

Hut there is aiiotlier and, perhapis, a weightier argument 
in favour of the determination of the scale of the solar 
system by this proc(‘ss. The real strengt,h of the minor 
planet method rests hardly so much on the individual 
•‘C‘i‘m-a(3y of the observations, as on tlie fact that fi‘om the 
I'alnre (jf the nu'thod a considerable number of rejietitiims 
* ‘'>1 be concentrated on the result. It will, of course, be 
’ ''(h'rstood that when we speak of the accuracy of an 
’ ' ovation, it is not to be presumed that it can ever be 
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entirely f'nio from error. Errors always exist, and tliouL>li 
tliey may ho small, yet il‘ the quantity to l)(‘- measured i- 
ininutn, an error of intrinsic insignificance may amount to an 
appreciable fraction of the whole. The one way by which 
their ellect can be subdued is by taking the mean of a largt‘ 
number of ol)servations. This is tlie real source of tin* 
value of the minor planet method. VVe have not to wiiit 
for the occurrence of rare events like llie transit of Vcaius 
Eacli year will witness the approach of some out' or inovr 
minor planets suhiciently close to the earth to rendt'r the 
method applicable. The varied circumstances attending each 
[)lanet, and the great variety of the observations whi(tli may 
bo made upon it, will further conduce to eliminate error. 

As the ])lanet pursues its course tlirough the sky, which 
is everywhere studded over witli countless myriads of minulc 
stars, it is evident that this body^ itself so like a star, will 
always have some stars in its immediate ncighbourliood. As 
the movements of the planet are well known, ^^e can foretell 
where it will be on each night that it is to be observed 
It is thus possible to |)rearrange with observers in wi(l(‘ly- 
dilferent. parts of the earth as to the observations to be mad(.* 
on each [)articular night. 

All attempt, has been made, on the suggestion of Sir David 
(Jill, to carry out this method on a scale commensurate with 
its importance. The planets Iris, \dctoria, and Sa[)pho liap 
pened, in the years LS(S«S and hS.Sf), to a])proach so close to 
the earth that arrangements were made for simultaneous 
measurements in both tlu? northern and the southern hemi 
spbercs. A scheme was completely drawn up many nu^nths 
before the observations were to commence. Each observer 
who [)articipated in the wwk was thus advised beforehand of 
the stars which were to be employed each night. \"icwe<l 
from any part of the earth, from the (Jape of flood Hope or 
from Great Britain, the ])ositions of the stars remain abs<' 
luteiy unchanged. Their distance is so stupendous that 
change of place "on the earth displaces them to no appu'ci 
able extent. But the case is different with a minor plan< ^ 
It is hardly one-millionth part of the distance of the star 
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Mild the displaeeeiont of the planet when viewed from the 
(Vpe and when viewed from Europe is a measurahle (piantity. 

The magnitude we are seeking is to he elicited by ('om- 
juirison lietween tlie measurements made in tlie northern 
hemisphere with those made in the soiitliern. The observa- 
tions in the two localities must be as nearly simultaneous as 
j)()ssibl(\ due allowance being made for the motion of the ])lanet 
in whatever intcTva] may have elapsed. Although every pre- 
(Mintion is takim to eliminate the errors of each observation, 
\('t th() fa(it remains that we (‘ompan; the metisures made 
hv observers in the northern hemisphere with those made by 
ditferenl observers, ‘using of course different instruments, 
thousands of miles away. J>ut in this re.spect we are at no 
greater disadvantage than in observing the transit ot' \'enus. 

It is, however, ])ossil.)le to obviaU.; even this objection, and 
ihiis to give* the minor [)laii(‘t nu'thod a sn|)i'eniacy o\'er its 
rival which cannot he disputed. The ditliciilty would be over- 
come if we (a)uld arrange that an astronomer, after making a 
sci of observations on a tine night in tlui nortluu’n homis[)hore, 
should be instantly transferred, instruimaits and all, to the 
soiitlaan station, and tliere I’cpeat the observations. An e([uiva- 
Icnt transformation can be elfected without any miraculous 
ag(‘ncy, and in it we have undoubtedly the most perfect mode 
ef measuring the sun’s distance with which wc art* actjuainted. 
This method has alreadv been ajiplied Avitli success by Sir havid 
Eill in the case of Juno, and there are other members ot the 
host of minor planets still more favourably circumstanced. 

(’onsider, for instance, a minor ])lanet, Avhich sometimes 
approai'hes to within 70,000.000 miles of the eartli. When 
the o|)position is di’awing near, a skilled observer is to be 
platted at, some suitable station near the (ajuator. ’fhe in- 
•^tvument he is to use should be that marvelhms ])iece ot 
uicchjinical and optical skill known as the lu'liometer.* It 

* heliomoter in a with its ohjcrt-j^Ijiss cut in halt aiDiu^ a 

anotcr. One or both of these halves is movable traii.sversclv by a screw, 
b '' h half ^ives a cornj)lote of th<i object. I’ho measures an* cflcctcd 

t\ observing- how many turns of the serew convey the imaj^e of the star ionm'd 
<'nc l\;ilf of the ohjcct-glass to coincide with the image of the planet formed 
I be other. 
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can be used to measure the angular distance between obji'cis 
too tar a])art for the filar micrometer. The measurement^ 
are to bo niade in tlie evening as soon as the planet lia^ 
risen high enough to enable it to be seen distinctly. TIk 
obscrvci* and the ol)servatory are then to be transferred to 
the other side of the earth. How is this to be done ? Sny, 
ratlier, how we could prevent it from being done. Is not 
the earth rotating on its axis, so that in the course of a 
few hours the observatory on the equator is carried bodily 
round for thousands of miles ? As the morning approaches 
the observations are to be repeated. The planet is found 
to have changc'd its place very considerably witli r(‘gard to 
the stars. This is partly due to its own motion, but it is 
als(.) largely due to the parallactic displac.ement arising fi'om 
the rotation of the earth, Avhich may amount to so min li 
as twenty seconds. The measures on a single night witli the 
lieliometcr should not have a mean error greater than oik'- 
tifth of a se(^ond, and we might reasonably expect that 
observations could be secured on about twenty-hve nights 
during the opposition, b'our such groujis might be expected 
to give the sun’s distance without any uncertainty greater 
than the thousandth part of the total amount. The chief 
<liliiculty of the process arises from the movement of the 
plaiu^t during the interval wdiich divides the evening from 
the morning ob.servations. This drawback can be avoided 
by diligent and repeated measurements of the placi' of tlio 
])lanet with respect to the stars among which it passes. 
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JUPITER. 


Tlio Gift'll Sizo of Jn])itor- CompuvihOn of his Diiirncler with that of th<^ 
Earth — Dimensions of the and his Orbit — His h’otation - Uojn- 

parison of his Wei^^ht and Ihilk with that of the Earth — Relative Jns^lit- 
ncss of Jupiter— How Explained--. I npiter still probably in a Heated Uon- 
(lition — 'i'he Ihdts on .Inpiter — Spots on his Surface-— Time uf Ilotation 
of (litferent Spots various — Storms on .hipiter — Jnpitc'r not Jneandt^scent — 
J'lu; Satellites — J’heir Discovery — Telescopic Aj)pearance 'I’heir Orbits — 
'rhe Eclipses and Ocoultations— A Satellite in J’ransit — J’he Velocity of 
Lii;ht Discovered- How is this Velocity to be ^Leasure<l Experimentally'' 
Determination of l.iu! Sun’s Distance by the Eclipses of .lupiter’s 
Satellites — Jut)iter’s Satellites demonstrating the Copernieaii S\stem. 

In our exploration of tlio beautiful scries of bodies Avliieh 
form llie solar system, we have proe-eeded stc[) by stop out- 
wards from tlio sun. In the jiursuit of tliis method wo 

have now ('ome to tlio splendid jilamd Jupiter, whieli weuds 
its uiajestic way in a path immediately outside those orl)its 
of the minor ])lanets which we have just heeu cousidmaut;-. 
Croat, indeed, is the contrast between these tiny e’lohos and 
tile stu])ond()US oioho of »Tupitcr. Had we adopted a some- 
'vliat, dillonmt method of treatment — had we, for instance, 

<liscussed tla^ various bodies of our planetary system in the 
order of thi'ir magnitude — -then the minor ])lanets would 
hav(' been the last to ho considered, while the loador ol 
the host would ho Jupiter. To this position Jupiter is 
<->l'ill(‘d without an apjiroach to rivalry. The next greatest 
'’Ji the list, the beautiful and interesting Saiurn, comes a 

long distance behind. Another great descent in the S('ale 
^'1 magnitude has to he made before we reach I ranus and 
^'o'ptune, while still another .step doAvnwards must be made 
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before Ave reaeh that lessor group of planets wliicli includes 
our earth. So conspicaiously does Jupiter tower over tin 
rest, that even if Saturn were to be augmented by all the 
other globes of our system rolled into one, the united mass 
would still not ecpial the great globe of Jupiter. 

The adjoining picture (Fig. 56) shows the relative dimensions 
of Ju 2 )itei* and the earth, and it conveys to the eye a niore vivid 



Fig. Tho Relative Dimcusioiis of Jupiter and the Earth. 


impression of the enormous bulk of Jupit-er than we can 
readily obtain by merely considering the numerical statenieiiis 
by which his bulk is to be accurately estimated. As, how( 3 V('r. 
it. will be necessary to place the numerical facts before <>iir 
readers, avc do so at the outset of this ('ha})ter. 

Jupiter revolves in an elliptic orbit around tlic sun in flic 
focus, at a Tucan distance of 483,000,000 miles. The path '»! 
Jupiter is thus about 5‘2 times as great in diameter as tlic 
path pursued l)y the earth. The shape of rfupiters orfi? 
departs very appreciably from a circle, the greatest distan' c 
from the sun being 5*45, Avhile the least distance is about 
4 95, the eartlis distance from the sun being taken as uii6\ 
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In the most favourable circumstances for seeing Jupiter at 
opposition, it must still be about four times as far from 
ilio earth as the earth is from the sun. This great globe 
will also illustrate the law that the more distant a planet 
the slower is the velocity with which its orbital motion is 
lu'complished. While the eartli passes over eighteen miles 
each second, Jupiter only accomplishes eight miles. Thus for 
a twofold reason the time occu[)ied by an exterior planet in 
completing a revolution is greater than the period of the 
earth. Not only has the outer planet to complete a longer 
course than the earth, but the s])eed is less ; it thus happens 
that Jupiter recpiires days, or about fifty days less 

tlian twelve years, to make a circuit of the heavens. 

The mean diameter of the great ])lanet is about 87,000 
miles. We say the mraii diameter, because there is a, (con- 
spicuous ditterence in the cas(i of Jupiter between his ecpiatorial 
and his polar diameters. We have already seem that there is 
a similar difierence in the case of tlic earth, where we find 
the ])olar diameter to be shorter than the ecpiatorial; but the 
inequality of these two dimensions is very much larger in 
Jupiter than in the earth. The ecpiatorial diameter of Jupitew 
is 80,(j00 miles, while the polar is not more than 84,400 miles. 
The ellipticity ch* Jupiter indicaitcd by thc'se figures is sutii- 
('iently marked to be obvious without any retined measures. 
Around the shortest diameter the planet spins with what must 
he considered an enormous velocity when wc^ reflect on the 
size of the globe. Kach rotation is completed in about 9 lirs. 
55 mins. 

We may naturally contrast the period of rotation of Ju))iter 
with the mucJi slower rotation of our earth in twenty-four 
hours. The difference beconu^'s much more striking if we 
‘ onsider the relative speeds at which an object on the equator 
'4 the earth and cm that of Jupiter actually mov(3s. As the 
'liiunetcr of Jupiter is nearly eleven times that of the earth, 
i^ will follow that the speed of the equator on Jupiter must 
h(' about twenty-seven rimes as great as that on the c^arth. 
h is no doubt to tliis high velocity of rotation that we must 
•"scribe the extraordinary ellipticity of Jupiter; the lapid 
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rotation causes a great centrifugal force, and this bulges out 
the pliant materials of which he seems to be formed. 

Jupiter is not, so far as avc can see, a solid body. This is 
an important ciriuimstance; and therefore it will be necessary 
to discuss tlio matter at some little length, as we here perceive 
a wide contrast between this great planet and the otlier 
planets which have previously occupied our attention. From 
the measurements already given it is easy to calculalc the 
bull^ or the volume of Jupiter. It will be found that this ])lanet 
is about l,i^()() times as largo as the earth; in other words, it 
would take 1,800 globes, each as large as our earth, all rolled 
intt) one, to form a single globe as large as Jui)iter. 

If the materials of which Jupiter is composed were of a 
nature analogous to the materials of the earth, we might 
expect that, the weight of the planet would exceed the weight 
of the earth in something like the ])ro])ortion of their volunKis. 
This is the matter now proposed to be brought to (rial. Here 
we may at once be met with the (piery, as to how we are to 
find the Avoight of Jupiter. It is not, even an easy matter 
to weigh the earth on AvhicJi Ave stand. How, then, (ran we 
W('igh a mighty planet vastly largcrr than the earth, and 
distant from us by some hundreds of millicuis of miles Truly, 
this is a bold problem. Yet the intellectual resources of man 
have proved sufficient to achieve this feat of celestial engineor- 
ing. They are not, it is true, actually abh) to make the 
ponderous Aveighing scales in which the great, planet is to 
be cast, but they are able to divert to this ])urpo.se certain 
natural phenomena whicdi yield the information that is required 

Such investigations are based on the principhi of univei’sal 
gravitation. The mass of Jupiter attracts other masses in 
the solar system. The efficiem^y of that attraction is more 
particularly shown (_)n the bodies Avhich are nc^ar the plaiu't. 
in virtue of this attractiem certain movennaits are performed 
by those bodies. \Vc can observe their character Avith our 
telescopes, avc c|in ascertain their amount, and from our 
measurements we (3an calculate the mass of the body by 
which the movements have been produced. This is the sole 
method which Ave p(3ssess for the investigation of the masses 
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of tlio planets ; and thonj^h it may l)e diffieiilt in its applica- 
tion — not only from the observations which are rocpiired, but 
also from the intricacy and the profundity of the calculations 
to whi(di those observations must bo submitted — yet, in the 
case of Jupiter at least, there is no uncertainly about the 
result. 

The task is peculiarly simpiiticd in the case of the greatest 
planet of our systcun by the beautiful system of moons with 
wlii('h h(^ is attended. These little moons revolve under the 
gui(lane,ti of Jupiter, and their movements are not otherwise 
iuti'i’fered with so as to prevent their use lor our present 
])urposc. Tt is from the ol)servations of the satellites of 
Jupiter that wo are enabled to measure his attractive ])ower, 
and thence to calculate the mass of the mighty planet. 

'Fo those not specially conversant with the prin(*.i[)les of 
tncclianics, it may seem dilhcult to realise the degree of 
actcuracy ol* whicJi such a method is ca])al)le. Yet there can 
be no doubt that his moons inform us of the mass of Ju|)it(a% 
and do not lea,ve a margin of inaccurac'V so great as one 
hundredth part of the total amount. If other continuation be 
needed, then it is forthcoming in abundance. A minor ])lanct 
n(;ca.sionally draws near the orbit of Ju])iter and exp(nMen(‘es his 
attraction; the planet is forced to swerves from its path, and 
the amount of the deviation (-an be measured. Fi-om that 
measurement the mass of Jupiter can be computed by a 
<‘al(mlation, of which it would be impossible to give an account 
in this place. The mass of Jupiter, as determined by this 
method, agrees with the mass obtained in a totally different 
manner from the satellites. 

Nor have we yet exhausted the resources of astronomy in 
its bearing on this question. We can discard the planetary 
M’stem, and invite tlie assistance of a comet which, flashing 
through the orbits of tlie planets, oca'asionally experiences 
i'Oge and sometimes enormous disturbances. For the present 

suhices to remark, that on one or two occasions it has 
iripponed that vmnturous comets have beem near enough t<' 
'^Jtpiter to bo much disturbed by his attraction, and then to 
i'mclaini in their altered movements the magnitude of the 
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mass which lias affected them. The satellites of Jupiter, the 
minor planets, and the comets, all tell the weight of the 
giant orb ; and, as they all concur in the result (at least 
within extremely narrow limits), we cannot hesitate to conclude 
that the mass of the greatest planet of our system has been 
determined with accuracy. 

The results of these measures must now be stated. They 
show, of course, that Jupiter is vastly inferior to the sun — 
that, in fact, it would take about 1,047 Jupiters, all rolled 
into one, to form a globe equal in weyjht to the sun. They 
also show us tliat it would take 310 globes as heavy as our 
earth to counterbalance the weight of Jupiter. 

No doubt this proves Jupiter to be a body of magnificent 
proportions; but the remarkable circumstance is not that 
Jupiter should be 816 times as heavy as the earth, but that 
he is not a great deal more. Have we not stated that Jupiter 
is 1,800 times as large as the earth? How then comes it 
that he is only 816 times as heavy ? This points at once to 
some fundamental contrast between the constitution of Jupiter 
and of the earth. How are we to account for this difference ? 
We can conceive of two explanations. Tn the first place, it 
might be supposed that Jupiter is constituted of materials 
partly or wholly unknown on the earth. There is, however, 
an alternative supposition at once .aorc philosophical and 
more consistent with the evidence. It is true that we kiu)W 
little or nothing of what the elementary substances on Jupiter 
may be, but one of the great discoveries of modern astronomy 
has taught us something of the elementary bodies present in 
other bodies of the universe, and has demonstrated that to a 
large extent they are identical with the elementary bodies on 
the earth. If Jupiter be composed of bodies resembling those 
on the earth, there is one way, and only one, in which Ave 
can account for the disparity between his size and his mass. 
Perhaps the best way af stating the argument will be found 
in a glance at the remote history of the earth itself, for it 
seems not impossible that the present condition of Jupiter 
was itself foreshadowed by the condition of our earth countless 
ages ago. 
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In a previous chapter we had occasion to point out how 
the earth seemed to be cooling from an earlier and highly 
heated condition. The further we look back, the hotter 
our globe seems to have been; and if we project our glance 
back to an epoch sufficiently remote, we see that it must once 
have been so hot that life on its surffice would have been 
impossible. Back still earlier, we find the heat to have been 
such that Avater could not rest on the earth ; and hence 
it seems likely that at some incredibly remote epoch all the 
oceans now reposing in the deeps on the surface, and perhaps 
a considerable ])ortion of its now solid crust, must have 
been in a state of vapour. Such a transformation of the 
globe Avould not alter its for the materials weigh 

the same whatever bo their condition as to temperature, 
but it would alter the size of our globe to a very consider- 
able extent. If these oceans Avere transformed into vapour, 
then the atmosphere, charged Avith mighty clouds, Avould 
have a bulk some hundreds of times greater than that 
which it has at present. VieAved from a distant planet, the 
<iloud-laden atmosphere would indicate the visible size of 
our globe, and its average density Avould accordingly aj)])car 
to be very much less than it is at present. 

From these considerations it Avill be manifest that the 
discrepancy betAveen the size and the Aveight of Jupiter, as 
contrasted Avith our earth, would be completely removed 
if Ave sup})Oscd that Jupiter Avas at the present day a highly 
heated body in the condition of our earth countless ages ago. 
Every circumstance of the case tends to justify this argu- 
ment. We have assigned the smallness of the moon as a 
reason Avhy the moon has cooled sufficiently to make its 
volcanoes silent and still. In the same Avay the smallness 
of the earth, as compared Avith Jupiter, accounts for the 
fact that Jupiter still retains a large part of its original 
heat, Avhile the smaller earth has dissipated most of its store. 
This argument is illustrated and strengthened Avhen Ave 
introduce other planets into the comparison. As a general 
inle Ave find that the smaller bodies, like the earth and 
^lars, have a high density, indicative of a Ioav temperature, 
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while the giant planets, like Jupiter and Saturn, have a 
low density, suggesting that they still retain a large part 
of their original heat. We say “ original heat ’’ for the want, 
perhaps, of a more correct expression ; it will, however, indi- 
cate that we do not in the least refer to the solar heat, of 
which, indeed, the great outer planets receive much less 
than those nearer the sun. Where the original heat may 
have come from is a matter still confined to the province 
of speculation. 

A complete justification of these views with regard to 
Jupiter is to bo found when we make a minute telescopic 
scrutiny of its surface; and it fortunately happens that the 
size of the planet is so great that, even at a distance of 
more millions of miles than there are days in the year, we 
can still trace on its surface some significant features. 

Plate XI. gives a series of four different views of Jupiter. 
They have been taken from a series of admirable draw- 
ings of the great planet made by Mr. Griffiths in 1807. 
The first picture shows the appearance of the globe at 
lOh. 20m. Greenwich time on February 17th, 1807, through 
a powerful refracting telescope. We at once notice in this 
drawing that the outline of Jupiter is distinctly elliptical. 
The surfiice of the planet usually shows the remarkable 
series of belts here represented. They are nearly parallel 
to each other and to the planet's equator. 

When Jupiter is observed for some hours, the appearance 
of the belts undergoes certain changes. These are partly 
due to the regular rotation of the planet on its axis, which, 
in a period of loss than five hours, will completely carry 
away the hemisphere we first saw, and rc 2 )lace it by the 
hemisphere originally at the other side. But besides the 
changes thus arising, the belts and other features on the 
planet are also very variable. Sometimes new stripes or 
marks appear, and old ones disappear ; in fact, a thorough 
examination of Jp 2 )iter will demonstrate the remarkable fact 
that there are no j3crmanent features whatever to bo dis- 
cerned. We are here immediately struck by the contrast 
between J uj)iter and Mars ; on the smaller planet the main 
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topographical outlines are almost invariable, and it has been 
tcasible to construct maps of the surface with tolerably 
accurate detail; a map of Jupiter is, however, an im- 
possibility — the drawing of the planet which we make 
1,0-night Avill bo difteront from the drawing of the same 
hemisphere made a few weeks hence. 

Ft should, hoAvever, be noticed that objects occasionally 
a])pear on the planet Avhich seem of a rather more per- 
sistent characiter than the belts. We may specially mention 
the object known as the great oblong Red S[>ot, whi(*.h has 
been a very remarkable feature upon the southern hemi- 
sphei ‘0 of Jupiter since 187<S. This object, which has attracted 
a great deal of attention from observers, is about 80,000 
miles long by about 7,000 in breadtli. Professor P)arnard 
remarks that the older the s])Ots on Jupitei* are, the more 
ruddy do they tend to be(!ome. 

The conclusion is irresistibly forced upon us that wlicn 
wo view the surface of Ju])iter we are not looking at any 
solid body. The want of permanemte in the features of the 
planet Avould be intelligible if Avhat we see be merely an 
atmosphere laden Avith clouds of impenetrable density. The 
belts especaally support this view ; we are at once reminded 
of the ecjuatorial zones on our own earth, and it is not at 
all unlikely that an obseiwcr sutficieiitly remote from the 
earth to obtain a just view of its appearance Avould detect 
upon its surface ' more or less perfect cloud-belts suggestiA^e 
of those on Jupiter. A view of our earth Avould be, as it 
were, intermediate between a view of Jupiter and of Mars. 
In the latter case the appearance of the permanent features 
of the ])lanct is only to a trilling extent obscured by clouds 
Heating over the surface. Our earth would ahvays be partly, 
and often perhaps very largely, coA’cred with cloud, while 
Jupiter seems at all times completely enveloped. 

From another class of observations we are also taught 
the important truth that Jupiter is not, superticially at 
least, a solid body. The period of rotation of the planet 
round its axis is derived from the observation of certain 
marks, Avhich present sutHcieiit detinitoness and sutheient 
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pei’nianence to be suitable for the purpose. Suppose one of 
these objects to lie at the centre of the planet’s disc , its 
position is carefully measured, and the time is noted. As 
the hours pass on, the mark moves to the edge of the disc, 
then round the other side of the planet, and back again to 
the visible disc. When it has returned to the position 
originally occupied the time is again taken, and the interval 
whi(3h has elapsed is called the period of rotation of the 
spot. 

If Jupiter Avere a solid, and if these features were en- 
gravtid upon its surface, then it is perfectly clear that the 
time of rotation as found by any one spot must coiiKmlo 
])recisely Avith the time yielded by any other spot ; but this 
is not observed to be the case. In bret, it woukl be nearer 
the truth to say that each spot gives a s})ecial ])eriod of its 
own. Nor are the differences A-ery minute. It has been 
found that the time in Avhich the red spot (the latitude of 
Avhich is about 25" south) is carried round is live minutes 
longer than that required by some peculiar white luarks m‘ar 
the equator. The red spot has now been watcluHl for about 
twenty years, and during most of that time has bad a 
tendency to rotate more and more slowly, as may be seen 
from the following Arabics of its rotat ion period : — 

111 LSTO, ah. anni. : 531 )s. 

„ 188(>, „ „ 4()(3s. 

„ 181)1, „ „ 41-7S. 

Since 1<S91 this tendency seems to Inwc ceased, Avbile the 
spot has been gradually fading aivay. tieuerally speaking, 
AV(i may say that the equatorial regions rotate in about 
9b. 5()m. 20s., and the temperate zones in about 9li 
55m. 40s. Remarkable exceptions are occasionally nict 
Avith. Seme small black spots in north latitude 22 ', which 
broke out in 1880 and again in 1891, rotated in 9b. 48m. to 
9h. 49.]m. It ma}^ therefore, be regarded as certain that 
the globe of Jupiter, so far as avc can see it, is not a solid 
bod}^ It (consists, on the exterior at all events, of clouds 
and vaporous masses, Avhich seem to be agitated by storms 
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Fig. 57.— The Occultation of 
Jupiter (1). 


Fig. 58.— The Occultatioii of 
Jupiter (‘2). 



Fig. 59. — The Occultatiou of 
Jupiter (3). 



Fig. 00. — The Oeeultatiou of 
Jupiter (1). 


of the utmost intensit 3 ^ if we nre to judge from the cease- 
less changes of the planet’s surface. 

\ arious photographs of Jupiter have Ix^en ohtaine<] ; those 
which have been taken at the Lick Observatory being specially 
interesting and instructive. Pictures of the planet obt-ained 
^\ith the camera in remarkable circumstances are re[)re- 
s(‘nted in Figs. 57 — GO, which were taken by Professor Win. H. 
i'ickering at Arecpiipa, Peru, on (he 12tli of August, LS02.* 
The small object with the belts is tlie planet Jupiter. The 
* Si-e “Astronomy and Astrophysics,” No. 109. 







256 


THE STORY OF THE HEAVENS. 


largo advancing disc (of which only a small part can be 
shown) is the moon. The phenomenon illustrated is called 
the “ occultation ” of the planet. The planet is half-way behind 
the moon in Fig. 59, while in Fig. GO half of the planet is 
still hidden by the dark limb of the moon. 

It is well known that the tempests by Avhich the atmo- 
sphere surrounding the earth is convulsed are to be ultiinatoly 
attributed to the heat of tlic sun. It is the rays from the 
groat luminary Avhich, striking on the vast continents, wane 
the air in contact therewith. This heated air becomes lighter, 
and rises, while air to supply its place must flow in along 
the surface. The currents so produced form a breeze or a 
wind ; while, under exceptional circumstances, we have the 
phcnonieiia of cyclones and hurricanes, all originated by the 
sun’s heat. Need we add that the rains, which so oiten 
accompany the storms must also be credited to the so ar 
beams, which have distilled from the wide expanse of ocean 
the moisture by which the earth is refreshed ^ 

The storms on Jupiter seem to be vastly greater than those 
on the earth. Yet the intensity of the sun’s heat on Jupitc^r 
is only a mere fraction — less, indeed, than the twenty-tiflh 
part — of that received by the earth. It is incredible that 
the motive j)owcr of tlie appalling tempests on the great 
jflanct can be entirely, or even largely, due to the f(‘ehlo 
influence of solar heat. We are, therefore, led to s(‘(‘k for 
some other source of such disturbances. What that somcc 
is to be will appear obvious when we admit that Jupit(‘r still 
retains a large proportion of primitive internal heat. Just, as 
the sun itself is distracted by violent tempests as an accom- 
paniment of its intense internal fervour, so, in a lesser degree', 
do we observe the same phenomena in Jupiter. It may also 
he noticed that the spots on the sun usually lie in nua’c or 
less regidar zones, parallel to its equator, the arrangement 
being in this respect not dissimilar to that of tlie belts on 
Jupiter. 

It being admitted that the mighty planet still retains some 
of its internal heat, the question remains as to how much. 
It is, of course, obvious that the heat of the planet is iiicoc.- 
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siderable when compared with the heat of the sun. The 
hrilliance of Jupiter, which makes it an object of such 
splendour in our midnight sky, is derived from the same 
great source which illuminates the earth, the moon, or the 
other planets. Jupiter, in fact, sliines by reflected sunlight, 
and not in virtue of any intrinsic light in his globe. A beautiful 
proof of this truth is fairiiliar to every user of a telescope. 
The little satellites of the planet sometimes intrude between 
hiin and the sun, and cast a shadow on Jupiter. The shadow 
is black, or, at all events, it seems black, relatively to the 
brilliant surrounding surface of the planet. It must, therefore, 
he obvious that Jupiter is indebted to the sun for its brilliancy. 
The satellites supply another interesting proof of this truth. 
One of these bodies sometimes enters tlie shadow of Jupiter 
and lo ! the little body vanishes. It does so because Jupiter 
has cut off the supply of sunlight which previously rendered 
the satellite visible. But the planet is not liiinsclf able to 
oiler the satellite any light in compensation for the sunlight 
which ho has intercepted.* 

Enough, however, has been demonstrated to enable us to 
])ronounce on the cpiostion as to whether the globe of Ju[)itor 
.can be inhabited by living creatures resembling those on this 
earth. Obviously this cannot bo so. The internal heat and 
the fearful tempests seem to preclude the possibility of organic 
life on the great planet, even were there not other arguments 
tending to th(^ same conclusion. It may, bowiiver, Ixi con- 
tended, Avith perhaps some plausibility, that »lupitcr has in 
the distant future the prospect of a glorious caireer as the 
r(‘sidence of organic life. The time will assuredly come when 
the internal heat must decline, Avhen the clouds will gradually 
condense into oceans. On the surface dry land may then 
a})pear, and Jupiter be rendered habitable. 

krom this sketch of the planet itself we now turn to the 
interesting and beautiful system of five satellites by whicli 
Jupiter is attended. We have, indeed, already found it neces- 
to allude more than once to these little bodies, but not 

* It ia only right to add that some observers beruive that, in oxroptional cir- 
*^^anstan(j;es, points of Jupiter have shown some slight degree of intrinsic light. 

n 
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to sucli an extent as to interfere with the more formal treat- 
ment which they .‘ire now to receive. 

The discovery of the four chief satellites may be regarded 
as an important epoch in the history of iistronomy. The\ 
are objiHas situated in a remarkable manner on the bordei- 
line wliieh divides the objects visible to the unaided eye from 
those which require telescopic aid. It has been frequently 
asserted that these obj()cts have been seen with the nnaidod 
eye ; but without entering into any controversy on the matter, 
it is sutheient to recite the well-known fact that, although 
Jupiter had been a lamiliar object for countless centuries. 


3rd. Sat 


Jupiter 


• 

1st. Sat 

2nd. Sat® 

• 

•4th. Sat 


Fig. 61. — Jupiter and liis Four Satellites as seen in a Teloscopo f)f Power. 


yet the sharpest eyes under the clearest skies never dis- 
covered the satellites until Galileo turned the newly invente<l 
telescop(^ upon them. This tube was no doubt a very teehle 
iustrument, but ver}^ little power suffices to show objects so 
close to the limit of unaided eye visibility. 

A view of the planet and its four principal satellites, 
as shown in a telescope of moderate power, is representiMl in 
Fig. 01. We here see the great globti, and nearly in a Iiii<‘ 
passing through its centre lie four small objects, three on oik' 
side and one on the other. These little bodies resemble stars 
but they can be distinguished therefrom by their ceas(F‘ss 
moveineuts around the planet, which they never fail i<> 
accompany during his entire circuit of the heavens. TIk'o* 
is no more pleasing spectacle for the student than to follo'v 
with his telescope the movements of this beautiful system. 

In Fig. G2 wo liavo represented some of the various pheir ■ 
mena which the satellites present. The long black shadow 
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llial produced by the interposition of Jupiter in the path ot 
(he sun’s rays. In consecpienco of the great distance of 
the sun this shadow will extend, in the form of a very 
( longated cone, to a distance far beyond the orbit of the outer 
satellite. The second sjitellite is immersed in this shadow, 
and consequently eclipsed. The eclipse of a satellite must 
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not be attributed to the intervention of the body, of Jupiter 
l^etween th('. satellite and the earth. Such an occurrence is 
called an occultation, and tln^ third satellite is shown in this 
condition. The second and the third satellites avo thus alike 
invisible, but the cause (d‘ tln^ invisibility is quite ditlercnt 
in the two cases. The (eclipse is much the moj-o striking 
I'licnoinenon of the two, because the satellite, at the moment 
11 plunges into the darkness, may be still at some apparent 
^k^ilaiice from the edge of the planet, and is thus seen up to 
Hie moment of the eclipse. In an occultation the satellite in 
passing behind the planet is, at the time of disappearance. 
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close to the planet's bright edge, and the extinction of the 
light fi’oin the small body cannot be observed with the same 
impressiveness as the occnrreiicc of an eclipse. 

A satellite also assumes another remarkable situation when 
in the course of transit over the face of the planet. The 
satellite itself is not always very easy to sec in such cir- 
cumstances, but the beautiful shadow which it casts forms 
a sharp black spot on the brilliant orb : the satellite will, 
indeed, frequently cast a visible shadow when it passes between 
the planet and the sun, even though it be not actually at llic 
moment in front of the planet, as it is seen from the earth. 

The periods in which the four principal moons of Ju])iter 
revolve around their primary are respectively, 1 day IS hrs. 
27 min. .‘34 sei^s. for the first; 3 days l.‘3 hrs. 1.‘3 min. 42 sees., 
for the second; 7 days :3 hrs. 42 min. .*3‘3 secs, for the third; 
and 1() days Id hrs. 32 min. 11 secs, for the fourth. We 
thus obsia've that the periods of Jupiter s satellites are decidedly 
briefer than those of our moon. Even the satellite most distant 
from the great planet requires for each revolution less than 
two- thirds of an ordinary lunar month. The innermost of 
these bodies, revolving as it does in less than two diys, ])rcsents 
a striking series of ceaseless and rapid changes, and it becomes 
eclipsed during every revolution. The distance from the centre 
of Jupiter to the orbit of the innermost of these four attendants 
is about a quarter million miles, while the radius of the outer- 
Tuost is a little more than a million mih's. The second ol 
the satellites proceeding outwards fi*om the plaiKit is almost 
the same jyze as our moon; the other three bodies are largia*; 
the third being the greatest of all (about 3,560 miles in 
diamct(n'). Owing to the minuteness of the satellites as seen 
from the earth, it is exti'emely difficult to perceive any 
markings on their surfaces, but the few observations made sccin 
to indi(*ate that the satellites (like our moon) always turn the 
same face towards their primary. Professor Barnard has, widi 
the great Li(dv* refractor, seen a white equatorial belt on 
first satellite, while its ])olcs were very dark. Mr. Douglass, 
observing with Mr. LowcH’s great i^efractor, has also reported 
certain streaky markings on the third satellite. 
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A very interesting astrononiiciil discovery was that made 
})y Professor E. E. Barnard in 1892. He detected with the 
;:{(j-inch Lick refractor an extremely minute fifth satellite to 
Jupiter at a distance of 112,400 miles, and revolving in a period 
of 11 hrs. 57 min. 22*0 secs. It can only be seen , with the 
most powerful teles(jopes. 

The eclipses of Jupiter s satellites had been observed for 
many years, and the times of their occturrence had been 
I’ccorded. At length it was ))crceivcd that a (certain order 
reigned among the eclipses of these bodies, as among all other 
astronomicial phenomena. When on(;c the laws according to 
which the eclipses recurred had been perceived, the usual 
consequencjo followed. It became possible to foretell the time 
at which the eclipses would occur in future. Predictions were 
ac^cordingly made, and it was found that they were a])proxi- 
mately verified. Further improvements in the calculations 
were then perfected, and it was sought to predict the times 
with still greater accuracy. But when it canuj to naming the 
actual minute at Avhich the eclipse should o(‘Ciu*, expectations 
were not always realised. Sometimes the eclipse was five or 
ten minutes too soon. Sometimes it was five or ten minutes 
too late. Discrepancies of this kind always demand attention. 
It is, indeed, by the right use of them that discoveries are 
often made, and one of the most interesting examples -is that 
now before us. 

The irregularity in the occurrence of the eclipses was at 
length perceived to observe certain rules. It Ava,s noticed that 
when the earth was near to Jupiter the eclipse generally 
occurred before the predicted time; while when the earth 
bap])ened to be at the side of its orbit away from Jupiter, 
tlie eclipse occurred after the predicted time. Once this was 
proved, the great discovery was quickly made by Iloemer, a 
1 Danish astronomer, in 1G75. When the satellite enters the 
shadow, its light gradually decreases until it disappears. It 
i^ the last ray of light from the eclipsed satellite that gives 
die time of the eclipse; but that ray of light has to travel 
bom the satellite to the earth, and enter our telescope, before 
^^0 can note the occurrence. It used to be thought that 
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light triivclled instaiitanooiisly, so that the nioioont the celips( 
occuiTod was assumed to ho tlie moiiient wlien the eclipsr 
was seen in the telc'scopc*. This was now perceived to hr 
incori’e(‘.t. It was found that light took time to travel. WIk'u 
the earth was comparatively near Jiij)iter the light had onh 
a short joiirni'y, the intelligence of the (‘clipse arrived quickly, 
and the cc]i])se was seen sooner than the calculations indicated. 
When the earth occupied a. ])osition far from Jupiler, tlie light 
'had a longer journey, and took more than the avi‘rage tiuu', 
so that the eedipso was later than the predication, dliis simple 
explanation removed the dithculty attending the ])redicti()ns 
of the ccli[)ses of the satellites. But the disc'ovory had .1 
signiticaiK'c lar more momentous. We learned Irom it that, 
light had a. measurable velocity, which, according to recent 
r(‘search(‘s, amounts to I8(),(K)0 miles per second. 

One of the most colehrated attempts to ascertain ilic 
distance of th(‘- sun is derived from a (jomhination of experi- 
ments on the veloc'/ity of liglit with astronomical UK'asuroments. 
This is a method of considerahh*. retineTueiit and iiitcaa'st, and 
although it do(‘S not so fultil all the nccessaiy conditions as 
to mak(‘. it jaadectly satisfactory, yet it is im])ossihle to avoid 
some reference to it hero. Notwithstanding that the veh)(;it\ 
of light is so stu])ondous, it has been found possible u> 
measure that velocity by actual trial. This is on(‘ of lla* 
most delicate experimental researches that have evei* bicn 
undertaken. 11 it be dilhcult to measure the speed of a 
ride bullet, what shall W(i say of the s])eed of a ray of light, 
which is nearly a million times as great '' How shall 
devise an apparatus subtle (mough to determine the velocitv 
which would girdle the earth at the equator no less th.ni 
seven times in a single second of time? Ordinary con- 
trivances for measurement are here futile; we have 
devise an instrument of a wholly dilferent character. 

In the attempt to discover the speed of a moving bo(l\ 
we first mark out a certain distance, and then measure tlic 
time which the body requires to traverse that distance. 
determine the velocity of a railway train by the time it tak ^ 
to pass from one mile-post to the next. We learn the s]>ec 1 
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of a riflo bullet by an ingoin'ous contrivance really bniiided 
on the same principle. The greater the velocity, the more 
desirable is it that the distaiuje traverstal during the ex])Ci*i- 
nicnt shall bo as largo as possible. In dealing with the 
nieasnrement of the velocity of light, we therefore (‘hoosii for 
our measured distance the greatest lengtli that may be con- 
venient. Tt is, however, uet'.essary that the two ends of the 
line sliall be visible from eacli other. A hill a mile oi* two 
away will form a suitable site for the distant station, and 
the distance of the selected point on the hill from the 
ohsei'ver must be ('arcfully measured. 

The ])roblem is now easily stated. A ray of light is to 
1)0 sent from the observer to the distant station, and the 
time occu[)ied by that ray in the journey is to be measured. 
AVe may suppose that the observer, by a suitable (contrivance, 
has arranged a lantern from which a thin ray of light 
issues. Let us assume that this travels all the way to 
the distant station, and there falls upo!) the surface of 
a reflecting mirror. Instantly it will be divTrtcal by re- 
]l(.‘ction into a new^ direction depending upon the inclina- 
tion of the mirror, lly suitable adjustment the latter can 
Ikc so placed that tlie light shall fall ])er)i('ndi(ailarly upon it, 
in whi('.h ('as(^ the ray will of (course return along the direc- 
ri(m in which it came. Let the mirror be tixed in this 
position throughout the C(3urso of the expei’inients. It 
follows that a ray of light starting from the lantern will bo 
upturned to th(i lantern after it has made the journey to the 
distant station and ba(3k again. ImagiiKe then, a, little 
shutter placed in front of the lantern. Wo. (.)])en the shutter, 
I he ray st reams forth to the remote i-cHcctor, and back again 
through the o])ening. Hut now, after having allowed the 
ray to pass through the shutter, su])posc we try and close 
it before the ray has had time to get bac^k again. What 
lingers could be nimble enough to do this Lv^en if the 
distant station were ten miles away, so tliat the light had 
a journey of ten miles in going to the mirror and ten 
niiles in coming back, yet the whole course would be a('(*om- 
plished in about the nine- thousandth part of a second — a 



264 


THE STORY OF THE IIEArENS. 


period so short that even were it a thousand times as 
lonm‘ it would hardly enable manual dexterity to close th(; 
aperture. Yet a shutter can be constructed which shall l)e 
suthciently delicate for the purpose. 

The ])rinciple of this beautiful method Avill be sufficiently 
obvious from the diagram on this page (Fig. (33), which 
has been taken from Newcomb’s “ Fopular Astronomy.” The 
figure exhibits the lantern and the observer, and a large 
wheel with projecting teeth. Each tooth as it passes round 
eclipses the beam of light emerging from the lantern, and 
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also the eye, which is of course directed to the mirror at 
the distant station. In the position of the wheel here shown 
the ray from the lantern will pass to the mirror and baclv 
so as to be visible to the eye; l)Ut if the wheel be rotating, 
it may so liappen that the beam after leaving the lantern 
will not have time to return before the next tooth of the 
wheel (iomes in front of the eye and screens it. If the 
wheel be urged still faster, the next tooth may have ])assGd 
the eye, so that the ray again becomes visible. The speed 
at wlii(*h the wheel is rotating can be measured. AVo (an 
thus determine the time taken by one of the teeth to pass 
in front of the eye; wo have accordingly a measure of the 
time occupied by the ray of light in the double journey, and 
hence we have a measurement of the velocity of light. 

It thus appears that wo can tell the velocity of light either 
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by the observations of Jupiter’s satellites or by experiniental 
enquiry. If we take the latter method, tluai we arc entitled 
to deduce remarkable astronomical consequences. AVe can, in 
fact, employ this method for solving that great ])roblcin so often 
referred to— the distance from the earth to the sun — though 
it cannot bo so satisfactory as some other methods. 

The dimensions of the solar system are so considerable 
that a sunbeam requires an appreciable interval of time to 
span the abyss which separates the earth from the sun. Eight 
minutes is approximately the duration of the journey, so that 
at any moment we see the sun as it appeared eight minutes 
earlier to an observer in its immediate neighbourhood. In 
fact, if the sun were to be suddenly blotted out it would still 
be seen shining brilliantl}' for eight minutes after it had really 
disappeared. AVe can determine this period from the eclipses 
of Jupiter’s satellites. 

So long as the satellite is shining it radiates a stream of 
light actross the vast space between Jupiter and the earth. 
When the eedipse has commenced, the little orb is no longer 
luminous, but there is, nevertheless, a long stream of light 
on its way, and until all this lias ])oured into our tclescojics 
wo still see the satellite shining as before. If wo could calculate 
tlu^ moment when the eclipse really took ])lace, and if we 
(*onld observe the moment at wliich the eclipse is seen, the 
difference between the two gives the time which the light 
occupies on the journey. TJiis can be i’ound with some 
accura('y ; and, as we already know the velocity of light, we 
can asc.ortain the distance of Jupiter from the earth ; and 
heiK'e deduce the scale of the solar system. It must, how- 
<‘ver, be remarked that, at both extremities of the process 
I here are cJiaracteristic sources of uncertainty. The occurrence 
of the ecJipse is not an instantaneous phenomenon. The 
satellite is large enough to require an a])preciable time in 
crossing the boundary which defines tlic shadow, so that the? 
observation of an eclipse cannot he siiHiciently prec^ise to form 
die basis of an important and aiteurate measurement.* Still 

^ Prof(«s«or Pickcriiiu;, of C:nnbritlg»‘, has, tiowever, offoclod tho 

iniportant iiiiproveiuent of measuring the Joclino of light of thr satellite under- 
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^^’eater diflicultics accompany the attempt to define the true 
moment of (lie oci'urrencc of the eclipse as it would be seen 
by an observer in the viitinity of the satellite. For this av(^ 
should rc(juire a fai* more perfect theory of the niovements 
of Jupiter’s satellites than is at pr(?sent attainable. This 
method of fmdinijf the sun’s distance holds out no prosjiect 
of a result accurate to the one-thousandth part of it.s amount, 
and we may discard it, inasmu(di as the other methods avail- 
able seem lo admit of much higher accuracy. 

The four ('hief satellites of Jujiiter have special interest 
for the mathematician, who finds in tluan a most striking 
instance of the universality of the law of gravitation. TIk'so 
bodies are, of ('oiu’se, mainly controlled in their movements 
by the a(tra(‘.tion of the great ] Janet; but they also atlra(‘t 
each other, and certain curious consequences are tlu^ result. 

The mean motion of the first satellite in each da}' about 
the centre of Jupiter is 20J'"’*48h(). That of the second is 
IOF’ 3748, and that of the third is Thesis quantities 

are so related that the following law will be found to be 
observed : 

The mean motion of the first satellite added to twice th<' 
mean motion of the third is exactly e(jual to three times the. 
mean motion of tin; second. 

There is another law of an analogous characte]*, which is 
thus cx])ressed (the mean longitude being the angle between 
a fixed line and the radius to the nuain ])lace of the satellite): 
If to the mean longitude of the first satellite avc add tAvic('. 
the mean longitude of the third, and subtract three times 
the mean longitude of the second, the difference is always 
ISO^k 

It was from observations that these principles were lirst 
discovered. Laplace, hoAvever, showed that if the satellites 
revolved nearly in this way, then their mutual perturbations, 
in accordance Avith the law of gravitation, Avould preserve them 
in this relative position for ever. A beautiful series of observa- 
tions made at the Cape of (iood Hope in 11302 3 by Mr. Ilryan 


going eclipse by the photometor. Much additional precision may be anticipab'l 
in the lesults ot‘ buch observations. 
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(jookson, has added greatly to our knowledge of the movements 
of these four satellites. 

We shall conclude with the remark, that the discovery of 
Jupiter’s satellites afforded the great confirmation of the 
( operuican theory. Copernicus had asked the world to helievo 
that our sun was a great globe, and that the earth and all 
the other planets were small bodies revolving round the great 
one. This doctrine, so repugnant to the theories previously 
held, and to iJie immediate evidence of our senses, could only 
be established by a refined course of reasoning. The discovery 
of Jupiter’s satellites was very opportune. Hero we had an 
ocular demonstration of a system, though on a mucli smaller 
scale, identical with that which Copernicus had proposed. As 
in the case of the spots on the sun, (lalileo’s aimouiicement 
of this disco v('ry was rec^cived with incredulity by those 
philosophers of the day who believed that ovi'rything in 
nature was described in the writings of Aristotle. One 
t'minent astronomer, Clavius, said tliat to see IIk' satellites 
OIK? must have a telescope whicJi would produce them; but 
lie changed his mind as soon as he saw them himself. 
Another philosopher, more pmdent, refused to put his eye 
to the telescope lest he should sec them and be convinced, 
lie died shortly aftcn'wards. ‘I hope,’ said the caustic Galileo, 
‘that he saw them while on his way to heaven.’ ” 

In the early part of January, n)()5, the attention of 
astronomers all over the world was arrested by an important 
discovery made by Professor Perrine at the Lick (Observatory. 

An excessively minute object which had presented itself 
for some weeks on several of the [)hotogTaphi(i plates taken 
with the Crossley lleflector, was announced to be a satellite 
hitherio unknown in the Jupiter System. 

This new and most interesting object differs from the fi\'e 
satellites already known to belong to the great planet, in 
having a very much larger orbit than any of them. 

Tt must take half a year to complete a revolution, and it may 
sometimes appear to be separated from Jupiter by a, distance 
once and a half as great as the apparent diamet(ir of our moon. 

* “ XowcoinVs Popular Astroiioiuy,” p. 33(). 
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CHAPTER XIII. 

SATURN. 

The Position of Saturn in the System — Saturn one of the Three most Interesting 
Objects in the Heavens — Compared with Jupiter — Saturn to the Unaided 
Eye — Statistics relating to the Planet — Density of Saturn — Lighter than 
Water — The Researches of Galileo — What he found in Saturn — A Mysterious 
Object — The Discoveries made by Huyghens half a Century later — How the 
Existence of the Ring was Demonstrated — Invisibility of the Rings every 
Fifteen Years — The Rotation of the Planet — The Celebrated Cypher — The 
Explanation — Drawing of Saturn — The Dark Line — W. TlersehePs Ro- 
scarclies — Is the Division in the Ring reall)’ a Separation ? — Possibility of 
Deciding the Qmjstion — The Ring in a Critical Position — Are there other 
Divisions in the Ring ? — The Dusky Ring — Physical Nature of Saturn’s 
Rings — Can they bo Solid? — Can they even be Slender Rings? — A Fluid?— 
True Nature of the Rings — A IMultitude of Small Satellites — Analogy of the 
Rings of Saturn to the Group of IVIinor Planets — Problems Suggested by 
Saturn — The Group of Satellites to Saturn — The Discoveries of Additional 
Satellites— The Orbit of Saturn not the Frontier of our System. 

At a profound distance in space, which, on an average, is 
886,000,000 miles, the planet Saturn performs its mighty revo- 
lution around the sun in a period of twenty-nine and a half 
years. This gigantic orbit formed the boundary to the planetary 
system, so for as it was known to the ancients. 

Although Saturn is not so great a body as Jupiter, yet 
it vastly exceeds the earth in bulk and in mass, and is, indeed, 
much greater than any one of the planets, Jupiter alone ex- 
cepted. But while Saturn must yield the palm to Jupiter so 
for as mere dimensions are concerned, yet^ it will be generally 
admitted that even Jupiter, with all the retinue by which he 
is attended, canijot compete in beauty with the marvellous 
system of Saturn. To the present writer it has always seemed 
that Saturn is one of the three most interesting celestial objects 
visible to observers in northern latitudes. The other two will 
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occupy our attention in future chapters. They are the great 
nebula in Orion, and the star cluster in Hercules. 

So far as the globe of Saturn is concerned, we do not 
meet with any features which give to the planet its excep- 
tional interest. The globe is less than that of Jupiter, and 
as the latter is also much nearer to us, the apparent size of 
Saturn is in a twofold way much smaller than that of Jupiter. 
It should also be noticed that, owing to the greater distance 
of Saturn from the sun, its intrinsic brilliancy is less than 
that of Jupiter. There are, no doubt, certain marks and bands 
often to be seen on Saturn, but they are not nearly so striking 
nor so characteristic as the over-variable belts upon Jupiter. 
The telescopic appearance of the globe of Saturn must also 
be ranked as greatly inferior in interest to that of Mars. The 
delicacy of detail which wo can sec on Mars when favourably 
placed has no parallel whatever in the dim and distant Saturn. 
Xor has Saturn, regarded again merely as a globe, anything 
like the interest of Venus. The great splendour of ^"enus is 
altogether out of comparison with that of Saturn, while the 
brilliant crescent of the evening star is infinitely more pleasing 
than any telescopic view of the globe of Saturn. Yet even 
Avhile wo admit all this to the fullest extent, it does not in- 
validate the (Jaim of Saturn to be one of the most supremely 
beautiful and interesting objects in the heavens. This interest 
is not due to his globe ; it is due to tlnat marvellous system 
of rings by wliich Saturn is surrounded — a system wonderful 
from every point of view, and, so far as our knowledge goes, 
without a parallel in the wide extent of the universe. 

To the unaided eye Saturn usually appears like a star of 
the first magnitude. Its light alone would hardly be sufficient 
to discriminate it from many of the brighter fixed stars. Yet 
the ancients were acquainted with Saturn, and they knew it 
as a planet. It was included with the other four great planets — 
Mercury, Venus, Mars, and Jupiter — in the group of wanderers, 
which were bound to no fixed }>oints of the sky like the stars. 
On account of the great distance of Saturn, its movements 
are much slower than those of -the other planets known to the 
ancients. Twenty-nine years and a half are required for this 




S.ituvn. (July 2iul, 1S'J4. wjuatoriul,'' (Prof. E, E. Barnanl. ) 






HATimX. 


271 


distant object to complete its circuit of the heavens; and, 
though this movement is slow compared with the incessant 
clianges of Venus, yet it is rapid enough to attract the attention 
ot any careful observer. Jn a singl(} year Saturn moves 
through a distance of about twelve degrees, a (piantiiy 
siilHciently large to he conspicuous to (casual observation. 
Kven in a month, or sometimes in a week, the planet traverses 
an arc of the sky whicdi can be detected by anyone who will 
take th(i trouble to mark the place of the planet with regard 
to the stars in its vicinity. Those who are privileged to use 
a(*('nrate astronomical instruments can readily detect the 
motion of Saturn in a te.w hours. 

The a.verage distance from the sun to Saturn is about S8G 
millions of miles. The path of Saturn, as ol‘ every other 
])lanet, is really an ellipse with the sun in one Ibcais. In the 
case of Saturn the shape of this ellipse is veiy aj)preciably 
different from a purely circular path. Around this path 
Saturn moves with an average velo(*/ity of 5f)() miles per second. 

The mean diameter of the globe of Saturn is about 71,000 
miles. Its equatorial diameter is about 75,000 miles, and its 
polar diameter 07,000 miles — the ratio of these numbers being 
appro .\im at ely that of 10 to 9. It is thus obvious that 
Saturn departs from the truly spherical sha])e to a very 
mark('d extent. The protuberance at its equator must, no 
doubt, be attribute<l to the high ve]o(dty with which the 
planet is rotating. Thev(^locity of rotation of Saturn is more 
than double as fast as that of the earth, though it, is not 
(piite so fast as that of Jiqdter. Saturn makes om? complete 
rotation in about 10 hrs. 14 min. ilr. Stanley Williams has, 
however, observed with great (*arc a numb('r of s])ots which 
he has discovered, and he finds that some of these s])Ots in 
about 27’ north latitude indicate rotation in a ])eriod of 
10 hrs. 14 mins, to 15 min., while equatorial spots require no 
niore than 10 hrs. 12 min. to Kl min. Th(?re is, however, 
the pe<adiaritv that spots in the .same latitude, but at diflrerent 
parts of the ])lanet, rotate at rates which differ by a minute 
or more, while the period found by various groups of spots 
tieems to change from year to year. 
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These facts prove that Saturn and the spots do not form 
a rigid system. The lightness of this planet is such as to be 
wholly incompatible with the supposition that its globe is 
constituted of solid materials at all comparable with those of 
which the crust of our earth is composed. The satellites, 
which surround Saturn and form a system only less interest- 
ing than the renowned rings themselves, enable us to Aveigh 
the planet in comparison with the sun, and hence to deduce 
its actual mass relatively to the earth. The result is not a 
little remarkable. It appears that the density of the earth 
is eight times as great as that of Saturn. In tact, the density 
of the latter is less than that of Avater itself, so that a mighty 
globe of Avater, equal in bulk to Saturn, would actually Avt'igli 
more. If Avc could conceive a vast ocean into Avhich a globe 
equal to Saturn in size and weight were cast, the great globe 
would not sink like our earth or like any of the other 
planets ; it would float buoyantly at the surface Avitli one- 
fourth of its bulk out of the Avater. 

We thus learn Avith high probability that Ayhat our 
telcs(iopes shoAv uyjon Saturn is not a solid surface, but merely 
a vast envelope of clouds surrounding a heated interior. It 
is impossible to resist the suggestion that this planet, like 
Jupiter, has still retained its heat bc(jause its mass is so large. 
We must, however, allude to a circumstance Avhich perhaps 
may seem someAvhat inconsistent Avith the vicAv here taken. 
We have found that Jupiter and Saturn are, both of them, 
much less dense than the earth. When we compare the 
two planets together, it appears that Saturn is much less 
dense than Jupiter. In fact, every cubic mile of Jupiter 
weighs nearly twice as much as each cubic mile of Saturn. 
This Avould seem to point to the conclusion that Saturn is 
the more heated of the tAvo bodies. Yet, as Jupiter is the 
larger, it might more reasonably have been expected to be 
hotter than the other planet. We do not attempt to recon- 
cile this discrepancy ; in fact, in our ignorance as to the 
material constitution of these bodies, it Avould seem useless 
to discuss the question. 

Even if we allow for the lightness of Saturn, as compared 



SATURN, 


273 


bulk for bulk with the earth, yet the volume of Saturn is so 
enormous that the planet weighs more than ninety-five times 
as much as the earth. The adjoining view represents the 
relative sizes of Saturn and the earth (Fig. 65). 

As the unaided eye discloses no trace of the ring by 
which Saturn is surrounded, the interest which attaches to 
this planet may be said to commence from the time when it 
began to be observed with the telescope. The history inust 
be briefly alluded to, for it was only by degrees that the real 
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nature of this complicated object was understood. When 
(lalileo completed his little refracting teles(;ot)e, Avhich, though 
it only magnified tliirty times, was yet an enormous addition 
to the powers of unaided vision, he made with it his memor- 
able review of the heavens. He saw tlie spots on the sun 
‘Uid the mountains on the moon ; he noticed the crescent of 
^'enus and the satellites of Jupiter. Stimulated and encour- 
aged by such brilliant discoveries, he naturally sought to 
examine the other planets, and accordingly directed his 
tcJcscope to Saturn. Here, again, Galileo at once made a 
discovery. He saw that Saturn presented a visible form like 
the other planets, but that it differed from any other tele- 
scopic object, inasmuch as it appeared to him to bo composed 

s 
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of thi’ce bodies which always toiiclied each other and always 
maintained the s;nne relative j)ositions. These three bodies 
were in a lino — the central one was the lari^est, and the 
two others were east and west of it. There was nothing he 
had hitherto seen in the heavens which tilled his mind with 
such astonishment, and which seemed so inexplicable. 

In his endeavours to understand this mysterious objc(‘t. 
(hilileo continued his observations during the year IGIO, and, 
to his amazement, he saw the two lesser bodies gradually 
become smaller and smaller, until, in the course of the twe 
following years, they had entirely vanished, and the planer 
simply appeared with a round disc like Jupiter. Here, again, 
was a now source of anxiety to (lalilco. He had at that day 
to contend against the advocates of the ancient s 3 'steni of 
astronomy, who derided his discoveries {ind refused to ac(je])l 
his theories. He had announced his observation of the com- 
posite nature of Saturn ; he had now to tell of the gradual 
decline and the ultimate oxtiiKJtion of these two auxiliaiy 
globes, and he naturally feared that his opponents would 
seize the o])])ortunity of pronouncing that the Avhole of his 
observations were illusory.* “What/’ he remarks, “is to l)0 
said conceiaiing so strange a metamorphosis ? Aru the two 
lesser stars consumed after th() manner of the solar spots r 
Have they vanished and suddenly tied ? Has Saturn perha])s, 
devoured his own children ? (Jr were the a]3pearances indeed 
illusion or fraud, with which the glasses have so long deceived 
me, as well as many others to whom I lu'we shown them ' 
Now, perhaps, is the time come to revive the well-nigh 
withered hopes of those who, guided by more profound 
contemplations, have discovered the fallacy of the nmv 
observations, and demonstrated the utter impossibility 
their existence. T do not know what to say in a case 
surprising, so unlooked for, and so novel. The shortness 
the time, the unexpected nature of the event, the weakness 
of my understjtnding, and tlie fear of being mistaken, have 
greatly confounded me.’' 

But Galileo was not mistaken. The objects were reall\ 

* See Grant, “ History of Physical Astronomy,” page 255. 
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tlicro when he first began to observe, they really did de(dine, 
jiiid they really disappeared ; but this disappearance was only 
for a time — they again came into view. They were tlim 
subjected to ceaseless examination, until gradually their 
nature became unfolded. With increased telescopii; power 
it was found that tlie two bodies which (hilileo had 
described as globes on either side of Saturn were not 
really spherical — they wei*e i-ather two luminous crescents 
with the concavity of eacdi turned towards the central globe. 
It was also perceived that these objects underwent a remark- 
able series of periodic changes. At the beginning of such a 
series the planet was found with a truly circular disc. The 
ai^pcndages first appeared as two arms extending dirc('tly 
outwards on each side of the planet: then these arms 
gradually opened into two crescents, resembling handles to 
tlie globe, and attained their maximum width after about 
seven or eight years; then they began to contract, until after 
the lapse of about the same time they vanislual again. 

Tho true nature of these objects was at length discovered 
hy liuyghens in I ()55, nearly half a century after (hdileo had 
first detec'ted their appearance. lie jxa’ceavod the shadow 
thrown l)y the ring upon the globe, and his explanation of 
the phenomena was ohtaimMl in a very [)hiloso])hical manner. 
He noticed that the earth, the sun, and the moon rotated 
upon their axes, and he therefore regarded it as a general 
I«iw that eacli one of the laxlies ui tla^ system rotat(‘s about 
'ill axis. It is ti’ue, observations had not yet been made 
wliich aiitually showed that Saturn was also rotating; but it 
would be highly, nay, indeed, infinitely, improba])le that any 
])lanet should be devoid of such movenuait. All the analogies 
of the system pointed to the conclusion that the velocity ot 
f^>tation would be considerable. One satellite of Saturn was 
'Iready known to revolve in a period ot sixteen days, l)eing 
'if tie more than half our month, liuyghens assumed — and 
was a most reasonable assumption — that Saturn in all 
probability rotated rapidly on its axis. Tt was also to be 
‘bserved that if these remarkable appendages were attacliod 
'.y an actual bodily connection to the planet they must rotate 
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with Saturn. If, however, the appendages were not actually 
attached it would still bo necessary that they should rotate 
if the analogy of Saturn to other objects in the system were 
to bo in any degree preserved. We see satellites near Jupiter 
which revolve around him. We see, nearer home, how the 
moon revolves around the earth. Wo see how all the 
planetary system revolves around the sun. All these con- 
siderations were present to Huyghens Avhen he came to tlio 
conclusion that, Avhether the curious iippendages Avere actually 
attached to the planet or Avere physically free from it, they 
must still be in rotation. 

Pi-ovi(lod Avith such reasonings, it soon bccanu^ easy to 
conjecture the true nature of the Saturnian system. Wc 
have seen how the appendages declined to invisibility once 
every fii'tceu years, and then gradmilly reap))cared in the 
form, at first, of rectilinear arms prqjectting oiitAvards from 
the planet. Jlie ])rogrcssive development is a slow one, and 
for weeks and months, niglit aftei* night, the same ap})ear- 
ance is presented Avith but little change, but all this tune 
both Saturn and the mysterious objects around him are 
rotating. AMiatevcr these may be, tlicy present the same 
appearance to the eye, not Avithstanding their ceaseless motion 
(jf rotation. 

What must bo the sliapc of an object Avhich satisfies the 
conditions here implied/ It Avill obviously not sutticc to 
regard the projections as tAvo spokes diverging from the 
planet. They would change from visibility to invisibility in 
every rotation, and thus there Avould be ceaseless alterations 
of the appearance instead of that sIoav and gradual change 
Avhich recpiircs fifteen years for a complete period. There 
are, indeed, other considerations Avhich preclude the possibility 
of the objects being anything of this character, for they are 
always of the same length as compared Avith the diameter of 
the planet. A little reflection Avill show that one supposition 
— and indeed only one — Avill meet all the facts of the case. 
It there Avere a thin symmetrical ring rotating in its own 
plane around the equator of Saturn, then the persistence 
the object from night to night Avould be accounted for. Thi- 
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at oiicc removes the greater part of the difficulty. For the 
rest, it was only necessary to suppose that the ring was so 
thin that when turned actually edgewise to the earth it 
became invisible, and then as the illuminated side of the 
plane became turned more and more towards the earth tlio 
appendages to the planet gradually increased. The handle- 
shaped appearance which the object pciiodically assumed 
demonstrated that the ring could not be attached to the 
globe. 

At length Huyghens found that he had the clue to the 
great enigma which had perplexed astronomers for tlie last 
fifty years. Ho saw that the ring was an object of astonishing 
interest, uiikpie at that time, as it is, indeed, unique still, 
lie felt, however, that he had hardly demonstrated the maftcr 
with all the certainty which it merited, and which he thought 
that by further attention he could secure, ^’et ho was loath 
to hazard the loss of his discovery by an undue post])onement 
of its announcement, lest some other astronomer might inter- 
vene. How, then, was he to secure his priority if the discovery 
sliould turn out correct, and at the saiinj time be enabled to 
])crfoct it at liis leisure V He ado])tC(l the course, usual at 
flic time, of making his first announcement in cipher, and 
accordingly, on Maindi 5th, 1050, he published a tract, which 
contained the following proposition : — 

aaaaaaa ccccc d eeeee g li 

iiiiiii 1111 mm nnniinnniin 

f)0()() pp q rr s ttttt mmiiii 

Perhaps some of those curious persons whose successors 
now devote so much labour to double acrostics may have pon- 
dered on this renowned cryptograjdi, and even attempted to 
decipher it. Hut even, if such attempts were made, we do not 
learn that they were successful. A few years of further study 
were thus secured to Huyghens. He tested his theory in ever\ 
way that he could devise, and he found it verified in every 
detail. He therefore thought that it was needless for him any 
l<>nger to conceal from the world his great discovery, and accord- 
'ngly in the year 1659 — about three years after tluj appearance 
“f his cryptograph — he announced the interpretation of it. By 
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restoring tlic letters to their original arrangement the dis- 
eovery was (‘iiunciated in the following words: — '' Annuht 
(‘inffUary ienaiy planoy nin^qintvi coluerentey ad ecliplicam, 
liirliaatOy' Avhich may be translated into the statement: — 
“ The ])lanet is surrounded by a- slender Hat ring everywhere 
distinct from its surface, and inclined to the elliptic.” 

Huyghens was not content with merely demonstrating how 
fully this assum])tion explained all the observed pheiiomeua. 
He submitted it to the further and most delicate tost, whicli 
can be applied to any astronomical theory. He attempicd 
by its aid to make a pixMliction the fulfilment of which would 
nec('ssarily giv^e his theory the seal of (jcrtaiuty. From 
his calculations he saw that the planet would appear eircuhu* 
about July or August in 1071. This anticipation was jiraeti- 
cally verified, for the ring was seen to vanish in May of that 
year. No doubt, with our modern calculations founded on 
long-continued and accurate observation, we arc now enabb.Ml 
to make forecasts as to the appearance or the disappearaiasj 
of Saturn’s ring with far greater accuracy ; but, remembering 
the early stage in tlui history of the ])lanet at which the pre- 
diction of Huyghens was made, we must regard its fulfilment 
as quite sufficient, and as confirming in a satisfactory manii(*r 
the theory of Saturn and his ring. 

The ring of Saturn having thus been thoroughly establislad 
as a fact in (jelestial architecture, each generation of astronomers 
has laboured to find out more and more of its marvellous 
features. In the frontispiece (Plate I.) we haA^e a view of the 
planet as seen at the Harvard College Observatory, TbS.A., be- 
tween July 28th and October 20th, 1872. It has been di’awn by 
the skilful astronomer and artist — Mr. L Trouvclot — and gives 
a faithful and beautiful representation^ of this unicpie object. 

Fig. ()4 is a drawing of the same object taken on July 2n(l 
1891, by Prof. E. E. Earnard, at the Jack Observatory. 

The next great discoA-ery in the Saturnian system altei 
those of Huyghens shoAved that the ring surrounding tin 
planet Avas marked by a dark concentric line, which divide<i 
it into two parts — the outer being narrower than the inner 
This line Avas first seen by J. D. Cassini, when Saturn emerge^ 
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from the rays of the sun in l(j75. That this black line is not 
7 n('rely a black mark on the ring, but that it is ac^tually a 
separation, was rcncha-ed very probable by the resea rcdics of 
Maraldi in 1715, followed many years later by those of Sir 
William Horschel, who, with that thoroughness which Avas a 
marked characteristic of the ma,n, mad(^ a mimile aaid scrupu- 
lous examination of Saturn. N'ight after night, he follcnved 
it for hours Avith his exquisite instruments, and (amsiderably 
added to our knowledge of the planet and his system. 

Herschel devoted very particular attention to the (examina- 
tion of the line dividing the ring. lie saw that the ('.olour of this 
liiK^ was not to be distinguished from the colour of the space 
intermediate between the gl(.)be and llie ring. lie observed 
it for ten years on th(5 rmrthern la(je of th(‘ ring, and (hiring 
that time it continiU'd to pix'sent the same breadth and (‘olour 
and sharpness of outline. He was then fortunate enough to 
(►bsiArve the southern side of the ring. TIutc again ('ould the 
bla(.*.k Ymi) be seen, exirresponding botli in ajqx'aranee and in 
])osition Avitli the dark line as seen on the northern sid(‘. \o 
doubt (iould remain as to the fa(;t- that Saturn was girdled by 
tAvo (ion(‘.( 'll trie rings (;(pia.lly thin, the outer (nlge of one elos(‘ly 
approaching to the inner (Mige of the other. 

At tlu^ same time it. is right to add (hat the only absolutidy 
in<lisputabl(i proof of the division between tlie rings lias not 
yet. been yielded by the telese.op('. The appearances noted by 
llersi'hel would be consistent with the view^ that the bhmk line 
was uK'rcly a part of tin? ring exlc'uding through its thickness, 
and composed of materials very mm^h less capable of retlecting 
light tlian the rest of the ring. It is still a matter of doubt 
how far it is ever possible ac'.tually to see through th(' dark 
lin(\ There is ap])arently only one satisfaiitory method of 
■ ic('omplishing this. It would only occur in rare carcaim- 
stances, and it does not seem that the ojiport unity has as yet 
arisen. Suppose that in the course of its motion tlirougli 
die heavens the path of Saturn liappened to cross directly 
Ix'tween the earth and a tixc'd star. Tlu'. telescopic. a])pear- 
ance of a star is merely a point (d* light much small(*r than 
the globes and rings of Saturn. If the ring passed in tront 
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of the star and the black line on the ring came over the star, 
wo should, if the black line were really an opening, see the 
star shining through the narrow aperture. 

Up to the present, we believe, there has been no opportunity 
of submitting the question of the duplex character of the 
ring to this crucial test. Let us hope that as there are now 
so many telescopes in use adequate to deal with the subject, 
there may, ere long, be observations made which will decide 
the question. It can hardly be expected that a very small 
star would be snitaJ)le. No doubt the smallness of the star 
would render the observations more delicate and precise if 
the star were visible ; but we must remember that it will be 
thrown into contrast with the bright rings of Saturn on each 
margin so that unless the star were of (jonsiderable magnitude 
it would hardly answer. It has, however, been recently ob- 
served that the globe of the planet can be, in some degree, 
discerned through the dark line; this is practically a demon- 
stration of the fact that the line is at all events partly 
transparent. 

The outer ring is also divided into two by a line much 
fainter than that just described. It requires a good telescope 
and a fine night, combined with a favourable position of tlie 
planet, to render this lino a well-marked object. It is most 
easily seen at the extremities of the ring most remote from 
the planet. To the present vrriter, who has examined the 
planet with the twelve-inch refractor of the South equatorial 
at 1) unsink Observatory, this outer line appears as broad as 
the well-known line ; but it is unquestionably fiiinter, and has 
a more shaded appearance. It certainly does not suggest the 
appearance of being actually an opening in the ring, and it 
is often invisible for a long time. It seems rather as if the 
ring were at this place thinner and less substantial without 
being actually void of substance. 

On these points it may be expected that much additional 
information will be, acquired when next the ring places itsell 
in such a position that its plane, if produced, would pass between 
the earth and the sun. Such occasions are but rare, and even 
whfen they do occur it may happen that the planet will not 
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be well placed for observation. The next really good oppor- 
tunity will not be till 1907. In this case the sunlight illu- 
minates one side of the ring, while it is the other side of the 
ring that is presented towards the earth. Powerful telescopes 
are necessary to deal with the planet under such circumstances ; 
but it may be reasonably hoped that the (jiicstions relating 
to the division of the ring, as well as to many other matters, 
will then receive some further elucidation. 

Occasionally, other divisions of the ring, both inner and 
outer, have been recorded. It may, at all events, be stated 
that no such divisions can bo regarded as permanent features. 
Yet their existence has been so frequently enunciated by skilful 
observers that it is impossible to doubt that they have been 
sometimes seen. 

It was about 200 years after Huyghens had first explained 
the true theory of Saturn that another very important dis- 
covery was effected. It had, up to the year IS50, been always 
supposed that the two rings, divided by the well-known black 
line, comprised the entire ring system surrounding the planet. 
In the year just mentioned. Professor Bond, the distinguished 
astrt)nomer of Cambridge, Mass., startled the astronomical world 
by the announcement of his discovery of a third ring surround- 
ing Saturn. As so often happens in such cases, the same 
object was discovered independently by anotlicr — an English 
astronomer named Uawes. This third ring lies just inside the 
inner of the two well-known rings, and extends to about half 
the distance towards the body of the planet. It seems to be 
of a totally different character from the two other rings in so 
far as they present a comparatively substantial appearance. 
We shall, indeed, presently show that they are not solid — not 
even liquid bodies — but still, when compared with the third 
ring, the others were of a substantial character. They can 
receive and exhibit the deeply-marked shadow of Saturn, and 
they can throw a deep and black shadow upon Saturn them- 
selves ; but the third ring is of a much less compact texture. 
It has not the brilliancy of the others, it is rather of a dusky, 
semi-transparent appearance, and the expression ‘'crape ring,” 
by which it is often designated, is by no means inappropriate. 
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It is the faintness of this crape ring which led to its having 
been so frequently overlooked by the earlier observers of 
Saturn. 

It has often been noticed that when an astronomical dis- 
covery has been niade with a good telescope, it afterwards 
becomes possible for the same object to be observed with 
instruments of much inferior power. No doubt, when the 
observer knows what to look for, he will often be al)le to see 
what Avould not otherwise have attracted his attention. It 
may bo regarded as an illustration of this principle, that the 
crape ring of Saturn has become an object familiar to those 
who are a(M*ustomed to work with good telescopes ; but it 
may, nevertheless, be doubted whether the ease and distinct- 
ness with which the crape ring is now seen can be entirely 
accounted for by this supposition. Indeed, it seems possible 
that the crape ring has, from some cause or other, gradually 
become more and more visible. The supposed increased 
brightness of the crape ring is one of those arguments now 
made use of to prove that in all probability the rings of 
Saturn arc at this moment undergoing gradual transforma- 
tion ; but observations of Hadley show that the crape ring 
was seen by him in 1720, and it Avas previously seen by 
C^ampani and Vicard, as a faint belt crossing the planet. The 
partial transparency of the crape ring Avas beautifully illus- 
trated in an observation by Professor Bavnard of the eclipse 
of lapetus on November 1st, 1889. The satellite Avas faintly 
visible in the shadow of the crape ring, Avhile Avholly invisible 
in the shadow of the better known rings. 

The A^arious features of the rings are Avell shoAvn in the 
drawing of Trouvelot already referred to. We here sec the 
inner and the outer ring^, and the line of division betAveen 
them. We see in the outer ring the faint traces of the line 
by Avhi(?h it is divided, and inside the inner ring Ave have a 
vicAv of the curious and semi-transparent crape ring. The 
black shadow of the planet is cast upon the ring, thus 
proving that the ring, no less than the body of the planet, 
shines only in virtue of the sunlight Avhich fixlls upon it. 
This shadoAV presents some anomalous features, but its 
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curious irregularity may be, to some extent, an optical 
illusion. 

There can be no doubt that any attempt to depict the 
rings of Saturn only represents the salient features of that 
marvellous system. AVe are situated at such a great distance 
that all objects not of colossal dimensions are invisible. We 
have, indeed, only an outline, Avhich makes us wish to be 
able to till in the details. AVc long, for instance, to see the 
actual texture of the rings, and to learn of what materials 
they are made ; we wish to comprehend the strange and 
tilmy crape ring, so unlike any other object known to us 
in the heavens. There is no doubt that much may even 
yet be learned under all the disadvantageous conditions of 
our position ; there is still room for the labour of whole 
generations of astronomers provided with splendid instruments. 
We want accurate drawings of Saturn under every conceivable 
aspect in which it may be presented. AVe want incessantly 
repeated measurements, of the most fastidious accuracy. 
These measures are to tell us the sizes and the shapes of 
the rings; they are to measure with fidelity the position of 
the dark lines and the boundaries of the rings. These 
measures are to be protracted Tor generations and . for 
centuries; then and then only can terrestrial astronomers 
learn whether this elaborate system has really the attributes 
of a stable and enduring structure. 

We have been accustomed to find that the law of uni- 
versal gravitation pervades every part of our system, and 
to look to gravitation for the explanation of many phenomena 
otherwise inexplicable. We have good reasons for knowing 
that in this marvellous Saturnian system the law of 
gravitation is paramount. In addition to the ring there are 
satellites revolving round Saturn ; these satellites move, as 
other satellites do, in conformity with the laws of Kepler; 
and, therefore, any theory as to the nature of Saturn's ring 
must be formed subject to the condition that it shall be 
attracted by the gigantic planet situated in its interior. 

To a hasty glance nothing might seem easier than to 
reconcile the phenomena of the ring with the attraction of 
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the planet. We might suppose that the ring stains at rest 
symmetrically around the planet. At its centre the planet 
pulls in the ring equally on all sides, so that there is no 
tendency in it to move in one way rather than another ; 
and, therefore, it will stay at rest. This will not do. A ring 
compos(id of materials almost infinitely rigid inight possibly, 
under such circumstances, be for a moment at rest ; but it 
could not remain permanently at rest any more than can a 
needle balanced vertically on its point. In each case the 
equilibrium is unstable. If the slightest cause of disturbance 
arise, the equilibrium is destroyed, and the ring would inevit- 
ably fall ill u])oii the planet. Such causes of derangement 
are incessantly present, so that unstable equilibrium cannot 
be ail appropriate explanation of the phenomena. 

Kvcii if this difficulty could be removed, there is still 
another, which would be quite insuperable if the ring be 
composed of any materials with which we are acquainted. 
Let us ponder for a moment on the matter, as it will lead 
up naturally to that explanation of the rings of Saturn 
which is now most generally acciqited. 

Imagine that you stood on the })lanet Saturn, near his 
equator ; over your head stretches the ring, which sinks down 
to the horizon in the east and in the west. The half-ring 
above your horizon would then resemble a mighty arch, 
with a span of about a hundred thousand miles. Every 
particle of this arch is drawn towards Saturn by gravitation, 
and if the arch continue to exist, it must do so in obedience 
to the ordinary mechanical laws which regulate the railway 
arches Avitli Avhich Ave are familiar. 

The continuance of these arches depends upon the re- 
sistance of the stones forming them to a crushing fonic. 
Each stone of an arch is subjected to a vast pressure, but 
stone is a material capable of resisting such pressure, and 
the arch remains. The Avider the span of the arch the 
greater is the pressure to Avhich each stone is exposed. At 
length a span is reached which corresponds to a pressure as 
great as the stones can safely bear, and accordingly we thus 
find the limiting span over which a single arch of masonry 
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can be extended. Apply these principles to the stupendous 
arch formed by the ring of Saturn. It can be shown that 
the pressure on the materials of the arch capable of spanning 
an abyss of such awful magnitude would bo something so 
enormous that no materials we know of would be capable 
of bearing it. Were the ring formed of the toughest steel 
that was ever made, the pressure Avould bo so great that the 
metal would be squeezed like a liquid, and the mighty 
structure would collapse and fall down on the siud'ace of the 
planet. It is not to be assumed that any materials can exist 
capable of sustaining a stress so stupendous. The law of 
gravitation accordingly bids us search for a method by 
which the intensity of this stress can bo mitigated. 

One method is at hand, and is obviously suggested by 
analogous phenomena everywhere in our system. Wo have 
spoken of the ring as if it were at rest; let us now suppose 
it to bo animated by a motion of rotation in its ])lane around 
Saturn as a centre. Instantly we have a force doveloj^cd 
antagonistic to the gravitation of Saturn. This force is the 
so-called centrifugal force. If we imagine the ring to rotate, 
the centrifugal force at all points acts in an opposite direc- 
tion to the attractive force, and hence the enormous stress 
on the ring can be abated and one diiHculty can be over- 
come. 

Wo can thus attribute to eacdi ring a rotation which will 
partly relieve it from the stress the arch would otherwise 
have to sustain. But we cannot admit that the difficulty 
has been fully removed. Suppose that the outer ring revolve 
at such a rate as shall be appropriate to neutralise the gravi- 
tation on its outer edge, the centrifugal force will be less at 
the interior of the ring, while the gravitation will bo greater ; 
and hence vast stresses will be set up in the interior parts 
of the outer ring. Suppose the ring to rotate at such a rate 
as would be adequate to neutralise the gravitation at its 
inner margin ; then the centrifugal force at the outer parts 
will largely exceed the gravitation, and there will be a 
tendency to disruption of the ring outwards. 

To obviate this tendency we may assume the outer parts 
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of each ring to rotate more slowly than the inner parts. This 
naturally requires that the parts of the ring shall be mobile 
relatively to one another, and thus we are conducted to the 
suggestion that perhaps the rings are really composed of matter 
in a fluid state. The suggestion is, at first sight, a plausible one ; 
each part of each ring would then move with an appropriate 
velocity, and the rings would thus exhibit a number of 
concentric circular currents with different velocities. The 
mathematician can push this inquiry a little farther, and he 
can study how this fluid would behave under such circum- 
stances. His symbols can pursue the subject into the 
intricacies which cannot bo described in general language. 
The mathematician finds that waves would originate in the 
supposed fluid, and that as these waves would lead to dis- 
ruption of the rings, the fluid theory must be abandoned. 

But we can still make one or two more suppositions. 
What if it be really true that the ring consist of a very 
large number of concentric solid rings, each animated 
precisely with the velocity which would be suitable to the 
production of a centrifugal force just adequate to neutralise 
the attraction ? No doubt this meets many of the diffi- 
culties : it is also suggested by those observations which have 
shown the presence of several dark lines on the ring. Here 
again dynamical considerations must be invoked for the 
reply. Such a system of solid rings is not compatible with 
the laws of dynamics. 

We arc, therefore, compelled to make one last attempt, 
and still further to subdivide the ring. It may seem rather 
startling to abandon entirely the supposition that the ring is 
in any sense a continuous body, but there remains no alterna- 
tive. Look at it how we will, we seem to be conducted to 
the conclusion that the ring is really an enormous shoal of 
extremely minute bodies ; each of these little bodies pursues 
an orbit of its own around the planet, and is, in fact, merely 
a satellite. These , bodies are so numerous and so close 
together that they seem to us to be continuous, and they 
may be very minute — perhaps not larger than the globules 
of water found in an ordinary cloud over the surface of the 
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earth, which, even at a short distance, seems like a con- 
tinuous body. 

Until a few years ago this theory of the constitution of 
Saturn’s rings, though unassailable from a mathematical point 
of view, had never been confirmed by observation. The only 
astronomer who maintained that he had actually seen the 
rings rotate was \\^ Hcrschel, who watched the motion of some 
luminous points on the ring in 1789, at which time the 
plane of the ring happened to pass through the earth. From 
these observations Herschel concluded that the ring rotated 
in ten hours and thirty- two minutes. But none of the sub- 
sequent observers, even though they may have watched 
Satui’u with iilstrumcnts very superior to that used by 
Herschel, were ever aV)lc to succeed in verifying his rotation 
of these appendages of Saturn. If the ring were composed of 
a vast number of small bodies, then the third law of Kejder 
will caiablo us to calculate the time which these tiny satellites 
would require to travel completely round the planet. .It 
appears that any satellite situated at the outer edge of the 
ring would require as long a period as 13 hrs. 46 min., those 
about the middle would not need more than 10 hrs. 28 min., 
while those at the inner edge of the ring would accomplish 
their rotation in 7 hrs. 28 min. Even our mightiest tele- 
scopes, erected in the purest skies and employed by the most 
skilful astronomers, refuse to display this extremely delicate 
phenomenon. It would, indeed, have been a repetition on a 
grand s(jalc of the curious behaviour of the inner satellite of 
Mars, which revolves round its primary in a shorter time 
than the planet itself takes to turn round on its own axis. 

But what the telescope could not show, the spectroscope 
has lately demonstrated in a most effective and interesting 
manner. We have explained in the chapter on the sun how 
the motion of a source of light along the line of vision, 
towards or away from the observer, produces a slight shift in 
the position of the lines of the spectrum. By the measure- 
ment of the displacement of the lines the direction and 
amount of the motion of the source of light may be deter- 
mined. Wo illustrated the method by showing how it had 
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Fig. Gfi.— Prof. KtH*ler’s Method of Measuring the Kotation of Saturn’s King. 


actually bct'ii used to measure the speed of rotation of the 
solar surface. fn the late Professor Keeler succeeded 

in measuring the rotation of Saturn’s ring in this manner, 
at tlie Allegheny' Observatory. He placed the slit of his 
spectroscope across the ball, in the direction of the major 
axis of the elliptic figure ^vhich the eftcct of perspective gives 
the ring as shown by the parallel lines in Fig. OG stretching 
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from E to w. llis pliotoi^rapliici plate should then show three 
spctJlra close together, that of the hall of Saturn in the 
middle, s('[)arale(l by dark intervals from the narrowca* sp('ctra 
above and below it of the two handles (or ansa\ as tliev aiH^ 
!:;'('nerall 3 ^ calbal) of the rinnj^. In hie^. 07 we have rcpn'siaited 
the behaviour of any one line of the spectrum under various 
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Fij^. 07. — Prof. of 31 0 : 1 '-iiriii.tr tlu' Ifnfiition of Siitiiiii's Hinir. 

suppositions as to rotation oi- ji-on-rolation 0 } Saturn and tlie 
rilin'. Ot* o'ourse tlu‘. spectrum, which is practically a very 
laint copy of the solar spc(‘.trum, sliows the pi’inc-ipal dark 
kraunhofer lines, so that the I'cader must imaniue th(‘so for 
himself, parallel to the one w(‘ show in the tinui’(J. At iho top 
(i) we sec how each line would look it there was no rotatory 
motion; the thive lines [)roduced by rinn, ])lanet, and rinn 
are in a straight line. Hut Saturn and tin; ring are not 
standing still, tliey arc rotating, the eastern part (at E) 
moving towards us, and the western [lart (w) moving awa\' 
T 
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from ns.* At e the lino Avill therefore be shifted towards 
the violet end of the spectrum jukI at w towards the ns], 
and as the actual linear velocity is i(i*eatcr the furthcT we 
get away from the centre of Saturn (assuming ring and 
planet to rotate together), the lines would be turned as in 
Fig. (i7 (2), but the three, would remain in a straight line. If 
the ring consistc^d of two independent rings separated hy 
Cassini’s division and rotating witli ditleront velocities, the 
lines would be situated as in Fig. 07 (8), the lines due to the 
iiuKM’ ring being more deHeeted than those due to tlui outer 
ring, owing to the greater velocity of the inner i*ing. 

Finally, let us consider the case of the rings, consisting o. 
innumerable particles moving round the planet in accordance 
with Kepler’s third law. The actual velocities of these 
])articles would be per second : — 

At outer of ring JO'GO miles. 

At middle of ring ITCH „ 

At inner edge of ring 115*01 „ 

notation speed at surface of ])lanct ... 0*158 „ 

The shifting of the lines of tlui spectrum should be ir 
accordance with these vehnaties, and it is easy to S(‘e tha; 
the lines ought to lie as in the fourth figure. When Professor 
Keeler came to examine the [)hotogra[)he(l sj)ectra, he found 
the lines of the three specti*a tilted precisely in this manner, 
showing that the outer edge of the ring was travelling round 
the plaiu't with a smaller linear vehxdty than the inner one. 
as it ought to do if the sources of light (or, rather, the reflectors 
of sunlight,) were independent particles free to move according 
to Kejder’s third law, and as it ought, not to do if the ring, 
or rings, w(*ro rigid, in which case the outer edge Avould have 
the gn'atest linear speed, as it liad to travel through the 
gr(‘at(^st (listaiK^e. Here, at last, was the proof of the disintegral 
composition of Saturn’s ring. Professor Keeler’s beautiful 
disco v'ory has since been verilicMl by repeated observations a! 

* \Vt! are hero ncgU-cting the orhital motion of Satnrn, hy which the win*!'' 
system iS moved towards or from llu; earth, hut a.s this motion is common 
the ball and the riug, it will not disturb the relative positions of the thre 
spectra. 
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the Allegheny, Lick, Paris, and Pulkova Observatories; the 
a('tual velocities resulting from the observed displacements of 
the lines have been measured and found to agre.^o Avell (within 
(he limits of the errors of observation) with the calculated 
velocities, so that this brilliant contiruiation of tbc matbe- 
niatical deductions is raised beyond tbe possibility of 
doubt. 

The spectrum of Saturn is so faint that only the strongest 
lines of the solar s])ectrum can be seen in it, but the atmo- 
sphere of the ])lanct seems to exert a considerable amount 
of general absor|)tion in llie blue and violet ])arts of the 
s[)ectrum, which is especially strong near the e([uatorial belt, 
while a strong band in the red testifies to the density of the 
atmosphere. This band is not seen in the spectrum of the 
rings, around whicdi there ('an therefore bo no atnios])herc. 

As Saturn's ring is itself uni(|ue, we camiol find elsewhere 
any very jxM'tinent illustration of a structure so remarkal)lo 
as that now claimed for the ring. Yet the solar system docs 
show some analogous ])hcnomena. There is, for instamte, one 
oji a very grand scale surrounding the sun himself. We allude 
to the multitude of minor ])lanets, all confined Avithin a 
c(‘rtain regiem of the system. Tmaginc these planets to be 
vastly increased in nunilxw, and tlmsc orbits wbicdi are miudi 
incliiuMl to the r(3st flattened down and otherwise adjustc'd, 
and we should have a rijig surrounding the sun, thus pro- 
ducing an arrangement not dissimilar fn.mi that now attri- 
buted to Saturn. 

It is tem])ting to linger still longer oven' this b(3autiful 
system, to speculate on the appearance) Avhicdi the) ring woulel 
])resent to an inhaldtant of Saturn, to cemjccture whether it 
is to be regareled as a permanent feature of our system in 
die same way as we attribute ])en’mancne3c to our moon or 
to the satellites of Jupiter. Jjooked at from every ])oint of 
view, the ejuestion is full of interest, and it provides occu- 
pation abundant for the lalxwirs of every type of astronomer 
It he be furnished with a good telescope, then has he ample 
duties to fulfil in the task of surveying, of sketching, and 

measuring. If he be one of those useful astronomers 
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wlio (levoto tlicir cnor^’ics nol; to actual telescopic \voi*k, ])iit 
to ioriuin^' ('alciilati<»us based ou the observations of otlaas 
then the lj(‘aul il’iil system of Saturn provi(l(\s copious material 
lie lias to rorct.ell the difforent phases of the rinq’, to anuouiKa' 
to asti'niioiiK'rs vhen each feature^ can bo best seen, and tic 
circaniisi aiUM'S under whi<*h each element can lie best dete r 
mined. Ile^ has also to jiredict the limes of the movemeiiu 
of Satina I’s sa.tellites, and the othe'v phenomena of a systA'in 
more elaborate than that of .Iu])iler. 

bastJy, if the astronomer be one of that class — perhajis 
from sonci ])oints of view, t,he hiolu'st (dass of all -- wlc 
employ tli (3 most jirofoniid res(‘ar(du‘S of the human intelka t 
to unravel the dynamical ])rol)l(‘Uis of astronomy, h(‘, too 
linds ill S:itmai problems whi(di tt'st to the utmost, evi'ii il 
they do not utterly transcend, the loftiest iliohts of analysis 
lie di.seova.'rs in Saturn’s riuji^’ an object so utterly unlike 
an\1 billy (dse, that new mathematical w(‘a])ons have t.o be 
foryed Ibr tlu^ enc.onntca*. lie liiids in the system so niaiiN 
exti’aordiiiary featiuws, and such delicacy of adjustment, tliai 
he is ('oust rained t,o admit that, if he did mk. actually S(‘e 
Saturn's rinys Ixdbi-e him, ho would not have thouyht, tliat 
such a system was possilile. The mathemat icnan’s labours on 
this wondrous system are at present, only in their iufaiuy. 
TS’ot. aloiK^ are t.lie researches of so abstruse a (diaractor as n* 
di'inand the liiyliest yeuius for this branch of science, bni 
th(‘ materials tor the iinpiiry luiA'O not been fully acemini- 
lated. Tlie observations recently made by Hermann Strine 
at bulkowa have, liow(*vcr, thrown much liyht on tins 
dillienlt Siibjeei, ; tlu'y illustrate the beauty of the sysb'ui. 
and yo far to form the basis of that yreat mathematuail 
theoi-y of Saturn Avliicli must eventually be Avritten. 

lint Saturn possi'sscs an interest for a class of persne- 
far more numerous than those who arc specially dovotcMl i" 
astronomy. It. is of interest, it must be of interest., to even 
cultivat('d person Avdio lias the sliyhtest love for nature, b 
lover of the jiicturcsque cannot liehold Saturn in a teles(a>{a 
witlioiit feelinys of the liveliest emotion; while, if his readiic: 
and roHcction have ])reviously rendered him aware of tb* 



colossal inaft’nitiide of the object at which he is lookin^,^ lie 
will be conslr;uiiG(l to admit that no more remarkabl(^ s[)(H*taeJo 
is presented in the wlude of nature. 

We have pondered so lon;L»* over the laseiTiations of Saturn’s 
ring that we can only give a very hri('f acxaaint of that systt'm 
of satellites by which the planet is attended. AVe have alroady 
liad occasion to allude more than once to these? bodievs ; it 
only remains now to enumerate a few furtlu'r ])ai-ticulai-s. 

It was on the 25th of Alare'.h, 1()55, that the first satellite 
of Saturn was detected by Jluyghens, to whose* pc'uetratiou 
we owe the dis('.oAa*ry of the true foriu of the riiig. On the 
('Veiling of the day refeiTed to, Tluyghens was t'xamining 
Saturn with a telescope? constriu'ted with his own hands, 
when ho observed a small starlike object near tlu? ])lanet. 
The next night he repeated his observations, and it was found 
that the star was accompanying the jilam't in its progress 
through the heavens. This showed that the little object was 
really a satellite to Saturn, and further obsiwvat ions revealed 
the fad that it was revolving around him in a ])eriod 
of 15 days, 22 hours, 41 minutes. Such was the conimenc.e- 
iiient of that numerous series of discoveries of satellites 
which accompany Stiturn. One by one they were detected, 
so that at the present time no fewer than nine are known 
to attend the great planet through his waiidcihigs. ’fho 
Mibserpicnt discoveries were, however, in no case made by 
Itiiyghens, for he abandoned the search for any further 
satellites on grounds which sound strange to modern ears, 
but which wx're quite in keeping ivith the ideas of his time. 
It appears that from some principle of symmetry, Huyghens 
thought that it would accord with the Htness of things that 
the number of satellites, or secondary [)lancts, should lie 
c(jual in number to the primary planets themselves. The 
primary planets, including the (?arth, numbered six ; and 
Huyghens’ discovery now brought the total number of 
satellites to be also six. The earth had one, Jupiter had 
ibur, Saturn had one, and the system was coinjdete. 

Nature, however, knows no such arithmetical doctrines as 
those which Huyghens attributed to her. Had he been less 
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influenced by sucli prejudices, be nii<^ht, perhaps, have antici- 
pated the labours of Cassini, wlio, by discovering other 
satellites of Saturn, demonstrated the absurdity of tho 
doctrine of numerical ocjuality between planets and satellites. 
As further discov'cries were made, the number ot satellites 
was at first raised above the num])er of planets; but in recent 
times, wlnai the swarm of minor planets came to be dis- 
covered, the number of planets speedily reached and speedily 
passed the number of their attendant satellites. 

It was in 1671, about sixteen years after the discovery of 
the first sjitcllito of Saturn, that a second was discovered by 
Cassini. Tliis is the outermost of the older satellites ; it. 
takes 79 days to travel round Saturn. In the following 
year he discovered another; and twidve years later, in I OS I, 
still two more ; thus making a total of five satellites to this 
planet. 

The (‘omplexify of the Saturnian system had now no 
rival. Saturn had live satellites, and dupitcr was crcditiMl 
with lour, while at least one of the satellites of Saturn, nanu'd 
Titan, was larg(‘r than any satellite of Jupiter."^' Sonic of the 
dis(a)V(n‘i(‘S of Cassini had been made with telescopes of (jiiiU' 
monstrous dimensions. The length of the insti’unicnt, or 
ratlnn* the distanc'c at which the object-glass was phic.ed, was 
oiK^ hundred feet or more IVom thi3 eye of the observer. It 
seemed hardly jiossible to ])ush telescopic research farther 
with insti’uments of this cumbrous ty})e. At length, hoAvever. 
the gr('a< refoi'ination in the (amstruction of astronomi(‘iil 
instruments began to dawn. In the hands of Herschel, it 
was found ]^ossible to construct reflecting telescopes ot 
manageable dimensions, whiedi were both more powerful and 
more aiamrate than the long-focussed lenses of Cassini. A 
groat instrument of this kind, forty feet long, just completed 
by Hersidiel, Ava,s directed to Satui’u on the 2<StlL of August 
17M). Never before had the wondrous planet been submittih 
to a s(*.rutiny so , minute. llersidicl was familiar with ihe 

* Accoi'diiiL;' to Prof, namard'rf roroiit inoasiiiTs, tho diameter of Titan i' 
2,700 This is tho .satellite di.seo venal ]>y Iluygheus ; it id the sixth in 

order frcii) the pLuiet. 
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Fi”\ ()S. — Transit of Titan Jind its Shadow, by F. Terby Louvain, 12tli Ai)ril, 1S92. 


lalx)ur.s of his predecessors. He had often looked at Saturn 
and his five moons in inferior telescopes; now fu^ain he saw 
the hve moons and a star-like object so near the plane of 
the ring that ho eonjcctiired this to bo a sixth satellite. A 
speedy metliod of testing tliis conjc(*.ture was at hand. 
Saturn was then moving rapidly over the heavens. Tf tliis 
new object were in truth a satellite, then it must bo carried 
on l)y Saturn, llerscliel watched with anxiety to see wliether 
tills would bo the case. A .short time .sufliced to answer the 
(piestion ; in two hours and a half the ])lanet liad moved to 
a distance (juite a])))reciablc, and had carried with liim not 
only the five satellites already known, but also this sixth 
obj(MU. Had this been a star it would have been left behind; 
it was not left behind, and hence it, too, was a satellite. 
Thus, after the long lapse of a century, the telcsco]^ic dis- 
c.overy of satellites to Saturn recommenced. Herschel, as 
was his wont, observed this object with unremitting ardour, 
and discovered that it was much nearer to vSaturn than any 
of the previously known satellites. In accordance with the 
gtUHM'al law, that the nearer the satellite the shorter the 
period of revolution, Herschel found that this little moon 
completed a revolution in about 1 day, 8 hours, o:] Tuinute.s. 
The .same great telescope, u.sed with the same unrivalled 
skill, .soon led Herschel to a still more interesting discovery. 
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object so small as to appear only like a very mimitc point 
in the <^reat forty-foot refle(Jtor Avas also fb^teeted by Herschel, 
and Avas l)y him ])rov(id to bo a satellite, so close to tlni 
planet that it completed a revolution in the very brief period 
of 22 lionrs and :^7 minutes. This is an extremely delicate 
object, to be seen by only the best telescopes in the bricl 
intervals when it is not entirely screened from view by the 
ring. 

Again another long interA^al elapsed, and for almost iifty 
years the Saturnian system Avas regarded as consisting of the 
scries of rings and of the seven sal^ellites. The next dis- 
covery has a singular historical interest. Tt Avas made 
simultaneously by tAvo observers — Professor llond, of Cam- 
bridge, Mass., and ilr. Lassell, of Liverpool — for on the H)th 
Sei^tember, LS4S, both of these astronomers verified that a 
small point Avhich tliey had each seen on previous iiiglits was 
reall}^ a satellite. Tliis object is, however, at a considerable 
distance from the planet, and re(piircs 21 days, 7 liours, 28 
minutes for each rcA’olution; it is the seventh in order from 
the planet. 

Yet one more extremely faint outer satellite Avas discerned 
by photography on the Kith, I7th, and LSth August, 18f)cS, ])y 
Profc'ssor W. H. Pickering. This object is much more distant 
from the planet than the larger and older satellites. Its 
motion has not yet been fully determined, but pro])ably it 
rerjuircs not loss than 490 days to perform a single nivolution. 

From observations of the satellites it has been found that 
3,500 globes as heavy as Saturn Avould Aveigh as much as 
the sun. 

A law has been obserA’cd by Professor KirkAvood, Avliich 
connects together the movements of the four interior satellites 
of Saturn. Tliis laAv is fulfilled in such a manner as leads to 
the supposition that it arises from the mutual attraction of 
the satellites. We have already described a similar law 
relative to three of the satellites of Jupiter. The })roh]cm 
relating to Saturn, involving as it does no feAver than four 
satellites, is one of no ordinary complexity. Tt involves the 
theoiy of Perturbations to a greater degree than that to 
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which inatheinaticians arc accustomed m their mvcstiij^ation' 
of tlic more* ordinary ieatiires of our system. To express 
this law it is necessary to liave recourse to tlie daily move- 
ments of the satellites ; these are respectively — 


'ATn.LITK. 


Dailv M«»vi;mi:nt. 

I 

.. 

... 

11 

... 

... 20*2 7 t. 

TTl 

.. 

... 190*7. 

IV 

.. 

... i:n *4. 


The law states that if to live times the movement of the lirst 
satellite we add that of the third and four times that of the 
fourth, the whole will ecpial ten times the movement of the 
second satellite. The cahadation stands thus:— 


5 t imes I. equals 

mii’-o 



111. „ 

I90"*7 

II. 

... 2(;2'-74 

4 times TV. „ 

r)2r)"*() 


10 



e<iual 

2027 '4 nearly. 


Nothing can be simjder than the veritiealion of this law; 
but the task of showing the physical reason why it should 
bo fullilJed has not yet been accomplished. 

Saturn was the most distant planet known to the ancients. 
It revolves in an orbit far outside the other ancient planets, 
and, until the discovery of Uranus in the y('ar I7S1, ih.e orbit 
of Saturn might well be regarded as the frontier of the solar 
system. The ringed planet was indeed a worthy ol)ject to 
occupy a position so distinguished. But we now know that 
the mighty orbit of Saturn does not extend to the fi'onticrs 
of the solar system ; a splendid discovery, leading to one still 
more splendid, has vastly extended the boundary, by I’ovealing 
two mighty planets, revolving in dim tciCscopic distance, far 
outside the path of Saturn. These objects have not the 
beauty of Saturn; they are, indeed, in no sense effective tele- 
scopic pictures. Yet these outer planets awaken an interest of 
a most special kind. The discovery of each is a classical 
event in the history of astronomy, and the opinion has been 
maintained, and perhaps with reason, that tlic discovery of 
Neptune, the more remote of the two, is the greatest achieve- 
ment in astronomy made since the time of Newton. 
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Contrnst between 0;inn.s and the other great I’lanets — William Herschel — TTis 
llirth and Parentage— IlerschcrH Arrival in England — His Love of Learning 
— Cominencoinent of his Astronomical HtudieB— The Construction of Tolo- 
scoi)es — Construction of Mirrors — TIm) Professor of Music becomes an 
Astronomer — 'rin^ Methodical Res(*areh — The 13th March, 1731 — The Dis- 
covery of Uranus — Delicacy of Observation— Was tlie Object a Comet? — TI kj 
S igniticanco of this Discovery — The Eamo of Horsohel — George III. and 
the Hath Musician— The King’s Astronomer at Windsor — The Planet Uranus 
— Numerical Data with reference thereto — The Pour Satellites of Uranus — 
Their Circular Orbits — Early Observations of Uranus — PlamstcMal’s Obsm'. 
vations— Lemonnier sa '* Uranus -Utility of their Measurements — The Elliptiu 
Path — 'J’ho Great Problem thus Suggested. 


To the present writer it lias always seemed tliat the history 
of llraniis, and of the circumstances attcndii^t,^ its disiDvciy, 
forms one of the most pleasiTi<^' and interesting episodes in 
the whole liistory of science. Wo here otjcupy an entirely new 
position in the study of the solar system. All the other great 
planets were iamiliai’ly known from anticpiity, however erroneous 
might he the ideas entertained in ('oiineetion with them. They 
were conspicuous objects, and by their movements could hardly 
fail to attract the attention of those whose pursuits led them 
to observe the stars. Bui. now we come to a great planet, 
the v(Ty cxisteiK'C of Avhicli was utterly unknown to tin; 
ancients ; and liinice, in approaching the subject, we havi* 
first to describe the actual discovery of this object, and then 
to consider what we can learn as to its physical nature. 

Wo have, in ])receding pages, had occasion to mention th(' 
revered name of William Herschel in connection with various 
branches of astronomy ; but we have liitherto designedly post- 
poned any more explicit reference to this extraordinary man 
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until we had arrived at the present stage of our work. Tlie 
story of Uranus, in its earlier stages at all events, is the story 
of the early career of William Herschel. It would be alike 
impossible and undesirable to attempt to separate them. 

William Herschel, the illustrious astronomer, was born at 
Hanover in 1738. His father Avas an accomplished man, 
pursuing, in a somewhat humble manner, the calling of a 
professor of music. He had a family of ten children, of Avhom 
William was the fourth ; and it may be noted that all the 
members of the family of Avhoni any record has been preserved 
inherited their father’s musical talents, and became accomplished 
performers. Pleasing sket(;hes have been given of this in- 
teresting family, of the unusual aptitude of William, of the 
long discussions on music and on philosophy, and of the little 
sister Caroline, destined in later years for an illustrious career. 
William soon learned all that his master could teach him in 
the ordinary branches of knowledge, and by the ago of fourteen 
he was already a competent performer on the oboe and the 
viol. Ho was engaged in the Court orchestra at Hanover, 
and Avas also a member of the band of the Hanoverian Guards. 
Troublous times Avere soon to break up Herschers iamily. The 
French iiwaded HanoAxr^ the Hanoverian Guards were over- 
thrown in the battle of Hastcnbeck, and young William 
Herschel had some unpleasant experience of actual warlare. 
His health was not very strong, and ho decided tliat he would 
make a change in his profession. His method of doing so is 
one Avhich his biographers can scarcely be expected to defend; 
for, to speak plainly, he deserted, and succeeded in making 
his escape to England. It is stated on UTUjucstionablc authority 
that on Herschel’s first visit to King George III., more than 
twenty years afterwards, his pardon Avas handed to him by 
the King himself, written out in due form. 

At the age of nineteen the young musician began to seek 
his fortunes in Plngland. He met at first Avith very con- 
siderable hardship, but industry and skill conrpiered all 
dilHcadties, and by the time he Avas tAventy-six years of ago 
he Avas thoroughly settled in England, and doing avo)] in 
his profession. In the year 1 7 GO Ave find Herschel occupying 
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a position of some distinction in the musical world; he had 
become the organist of the Octati^oii Chapel at Hath, and his 
time was fully em])loyed in Ji^iviiii^ lessons to his numerous 
pupils, and with his preparation for concerts and oratorios. 

Notwithstanding* his busy professional life, Herschel still 
retaiiKid that insatiable thirst for knowledge which he had 
when a boy. Kvery moment he could snatch from his musical 
engagements was eagerly devoted to study. In his desire to 
perfecit his knowledge of the more abstruse parts of the theory 
of music he had oc(iasion to learn matliematics ; from mathe* 
mati(*s the transiti<m to opthis was a natural one ; and once, 
he had commenced to study optics, he was of course brought 
to a knowledge of the telescoj^e, and thence to astronomy 
itself. 

llis beginnings were made on a very modest scailo. It was 
through a small and imperfect telescope that the great as- 
tronomer obtained his first view of tlie celestial glories. No 
doubt ho had often before looked at the lieavcns on a clear 
niglit, and admired the thousands of stars with which they were 
adorned ; but now, when lie was able to incro..se his ])owers 
of vision even to a slight extent, lie obtained a. view which 
fascinated him. The stars he had seen before he now saw 
far more distinctly ; but, mon^ than this, he found that myriads 
of others ])reviously invisible were now revealed to him. 
Glorious, indeed, is this spectacle to anyone who possesses 
a spark of ('ntliusirism for natural beauty. To Ilorschcl this 
view immediately changed the whole current of his life, llis 
success as a professor of music, his oratorios, and his pupils 
were speedily to be forgotten, and the rest of his life was to 
bo devoted to the absorbing pursuit of one of the noblest of 
the sciences. 

Hors(diel could not remain contented with the small and 
imperfect instrument which first interested him. Throughout 
his career he determined to see everything for himself in the 
best manner which his utmost powers could command. Ho 
at once d(K*.id('d to fiave a better instrument, and ho wrote to 
a celebrated optician in London wdth the view of making a 
purchase. But the price which the optician demanded seemed 
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more than llerseliel tlioui^ht lie could or ought to give. In- 
stantly Ills resolution was takc'ii. A good telescope he must 
have, and as ho coidd not buy one he rc^solved l,o make'- one. 
It was alike iortunate, both for llerschel and ft)r scionec*, that 
circninstances inipellod him to this determination. Yot, at 
tirst sight, how im])romising was the enterprise ! That a nmsie. 
teacher, busily employed day and night, should, without, previous 
training, ex])eet to siaaieed in a task where the highest me- 
c}iani(‘al and opth'al skill was r(H]uir(?d, seemed indeed uii]ik(.^ly. 
But enthusiasm and genius know no insu])orable dithculties. 
From eondiu'ting a brilliant (*-oneert in Hath, wlu'n that city 
was at the laaglit of its fame', llerschel would rush home, and 
without even delaying to take oif his lace rullles, lu; would 
plunge into his manual labours of grinding specula and poli.sh- 
ing lenses. No aleliemist (>1* old was (n*er mon^ d(‘eply absorbed 
in a project for turning lead into g<>ld t.luin was Herschel in his 
determination to have a to]esco])e. lie transfoi'ined his home 
into a laboi*atoj*y ; of his drawing-room be mad(‘, a c,arp(mtei‘’s 
shop. Turning lathes were the furniture of his best Ix^droom. 
A teles('ope he must lia.ve, and as he progressed he determined, 
not, onl}^ that ho shotdd have a good telosco])e, ])ut a very 
good one; and as succ(?ss cheered h.is eflbrts he uhhnately 
sueceedt'd in (‘onstruct ing the gn'atost t(‘les(‘ope that tla^ world 
bad up to tliat rime ever sc'cai. Though it is as an astronomer 
that Ave ar(^ concerned with Herschel, yet Ave must ol)servo 
that as a telescope maker great fame and tio small degree of 
commercial success also llowod in upon him. ,\Vli(‘n tlie Avorhl 
began to ring with his glorious discoveries, and wlien it was 
kiioAvn that ho used no otlicr telescopi's than (hos(i whicli w(a’o 
the work of his oavii liands, a. (hanand sprang up for instrn- 
jneiits of his (‘onstriu'tion. It Is stal<‘d tliat lie made njiwai’ds 
of oigbty large telescopes, as Avell as many others of smaller 
size. Several of tliose instrimaaits Avere jini’ebased hy foreign 
princes and potentate's.'^ \V(i have lu'vm* beard that any of 
these illiistrions personages became coh'braied astronomers, but, 

* Kxtiact from “ 'I'liroo Citie.s of lOussia,” ]>y Piazzi Smytli, vol. ii., 

p. 161: 111 the yoir 17a6. It thou cliaiicoil that III., oi‘ Clreat Urilain, 

was: pluasod to staid as a present to the Empress Catharine of itiissia a leii-i'oot 
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at all events, they sccin to have paid Herschel handsomely 
for his skill, so that by the sale of large telescopes he Av^as 
enabled to realise what may be regarded as a fortune in the 
moderate horizon of the man of science. 

Up to the middle of his life Herschel was unknown to 
the publi(J except as a laborious musician, with considerable 
renoAvn in his profession, not only in Bath, but throughout 
the West of England. His telescope-making was merely the 
occupation of his spare moments, and was unheard of by 
most of those wdio knew and respected his musical attain- 
ments. It was in 1774 that Herschel first enjoyed a view of 
the heavens through an instrument built with his own hands. 
It was but a small one in comparison Avith those which he 
after Avards fashioned, but at once he experienced the advantage 
of being his oAvn instrument maker. Night after night he 
Avas able to add the improvements Avhich experience suggested ; 
at one time he Avas enlarging the mirrors; *at another ho 
was reconstructing the mounting, or trying to remedy defects 
in the eye-pieces. With uiiAvearying perseverance he aimed 
at the highest excellence, and Avith each successive advance 
he found that he was able to pierce further into the sky. 
His enthusiasm attracted a feAV friends avIio Avere, like himself, 
ardently attached to science. The mode in which he first 
made the ac([uaintance of Sir William Watson, Avdio afterwards 
became his warmest friend, was characjteristic of both. Herschel 
Avas observing the mountains in the moon, and as the hours 
passed on, ho had occasion to bring his telescope into the 
street in front of his house to enable him to continue his 
Avorlv. Sir William Watson liappened to pass by, and was 

rofloctinu: lolcseope constructed by Sir William Herschel. Her Majesty imme- 
diately desired to try its powers, and Koumovsky was sent for from the Academy to 
repair to dVarskoe-Selo, where the Court Avas at the time residing. The telescope 
w'as aeeortlingly unpacktid, and for eight long consecutive evenings the Emimess 
ernployt'd herself ardently in observing the moon, planets, and stars; and more 
than this, in inquiring into the stale of astronomy in her dominions. Then it 
was that Koumovsky set before tlm Imperial view the Academy’s idea of removii.g 
their observatory, detailing the necessity for, and the ailvantages of, such a pro- 
ceeding. Graciously did the ‘ Semiramis of the North,’ the ‘ Polar Star,’ enter 
into all those particulars, and warmly approve of the project ; but death closed her 
career within a few weeks after, and prevented her execution of the design.” 
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arrested by the unusual spectacle of an astronomer in the 
public street, at the dead of night, using a large and qiiaint- 
looking instrument. Having a taste for astronomy, Sir William 
stopped, and when Herschel took his eye from the telescope, 
asked if he might be allowed to have a look at the moon. 
The request Avas readily granted. Probably Herschel found 
but few in the gay city who cared for such matters; he was 
quickly drawn to Sir W. Watson, who at once reciprocated 
the feeling, and thus began a friendship ivliich bore important 
fruit in Herschers subsequent career. 

At length the year 1781 approached, which Avas to Avitness 
his great achicA^ement. Herschel had made good use of seven 
years’ practical experience in astronomy, and he had completed 
a telescope of exquisite optional perfection, though greatly 
inferior in size to some of those Avhich he afterwards erec;ted. 
With this reflector Herschel commenced a methodical piece 
of observation. He formed the scliemc of systematically 
examining all the stars Avhich Avere above a certain degree 
of brightness. It does not quite appear Avhat object Herschel 
proposed to himself Avhen he undertook this labour, but, in 
any case, he could hardly have anticipated the extraordinary 
success Avith Avliich the Avork Avas to be croAvned. In the course 
of this revicAv the telescope Avas directed to a star ; that star 
was examined ; then another Avas brought into the field of 
view, and it too Avas examined. Every star under such 
(Mi’cumstanccs merely shoAvs itself as a point of light; the 
point may be brilliant or not, according as the star is bright 
or not; the point Avill also, of course, shoAV the colour of 
the star, but it cannot exhibit recognisable size or shape. The 
greater, in fact, the perfection of the telescope, the smaller is 
the telescopic image of a star. 

How many stars Herschel inspected in this rovicAv avc are 
not told; but at all events, on the ever-memorable night of 
the I3th of March, 1781, he was pursuing his self-allotted task 
among the hosts in the constellation Gemini. Doubtless, one 
J^tar after another Avas admitted to vieAA", and Avas alloAA^ed to 
pass aAvay. At length, however, an object Avas placed in the 
field Avhich differed from every other star. It Avas not a 
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mere point oC light; it had a minute, but still a perfectly 
recognisable, disc. We say the dis(*, was perfectly recognisable, 
but we should be careful to add that it was so in the excellent 
telescope of lIers(‘Jicl alone. Other astronomers had seen this 
objcajt, before. Its position had actually been mea.sui*ed no 
few(ir than ninet(‘(‘n times ])efor('. the Hath musician, with his 
honie-niade t('l(‘scope, looked at it, but the previous observi'rs 
liad only S(‘en it in small meridian instruments with low 
inagnifying powers. Ihaai after tlie discovery was made, and 
when well-trained obsorviu's Avith good instruments looked 
again under th<^ dire(;tion of Hei’schel, one after another boi*(.' 
testimony to the extraordinary delicai'V <>t the great astronomer's 
p(a*(iepti(ui, which enabled him almost at the lirst glance to 
discriminate between it and a star. 

If not a star, what, then, could it be? The first step to 
enabici this (|iieslion to bo answered was to observe the body 
foi* sonu' tim(‘. This Hersclud did. lie looked at it onr 
night ath'r another, and soon he discov('red anotlaa* hinda- 
mental differ('n(a‘ between this objec,t and an ordinary star. 
Th(‘. stars ar(‘, of ('ourse, (duiracterisi'd by tludr fi.xity, but this 
object Avas not fixed ; night after night, tb(^ ])lac(^ it occupied 
changed with respc(‘.t to the stars. No longer ('ould there he 
any doubt that tliis body Avas a, mcndier of the solar systian, 
and that an interesting discovery had been mad(‘ : many 
months, however, elapsed before JJei’scliol kiunv the real nimh 
of his acdia'A'i'inent. Ife did not realise that he had naaf’^ 
th(' superb discovery of another mighty planet I'ovohing out- 
side Saturn; he thouglit that it could only be a c()nu‘t, N' 
douht this object looked very dillerent from a great ('ona i, 
(hM'orat(‘d Avitli a tail. It. Avas not, however, so ejitirely different 
(Voin some forms of telescopic comets as to make th(' sugges- 
tion of its being a body of tliis kind unlikely ; and the discovia x 
Avas at tirst innomKed in a(*.(a)rdanec Avith this vieAV. Tinu' 
Avas neca'ssary befoi'e tlie true character of the object conic 
be ascertained. It must b(^ followed for a considerable disttuv e 
along its path, and measures of its position at different epoclr 
must be effe(‘t,ed, before it is practicable for the mathcmaticiai 
to cakailate the p^atli Avliich the body pursues ; once, liowe\"Ci 
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attention was devoted to the subject, many astronomers aided 
in inaklni^ the necessary observations. These were placed in 
the hands of mathematicians, and the result was to show 
that this body was not a comet, but that, like all the planets, 
it revolved in a nearly circular path around the sun, and that 
the path lay millions of miles outside the path of Saturn, 
\Vhich had so long been regarded as the boundary of the 
solar system. 

It is hardly possible to over-estimate the significance of 
this splendid discovciy. The five planets had been known 
from all anticpiity ; they were all, at suitable seasons, brilliantly 
conspicuous to the unaided eye. But it was nenv found that, 
far outside the outermost of these planets revolved another 
splendid planet, larger than Mercury or Mars, larger-far 
larger — than Venus and the earth, and only surpassed in bulk 
by Jupiter and by Saturn. This superb new planet was 
p.'unged into space U) such a depth that, notwithstanding it,s 
noble proportions, it seemed merely a tiny star, being only 
on rare occasions within reach of the unaided eye. This great 
globe required a period of eighty-four years to coni])lete its 
majestic path, and the diameter of that path was 8,600,000,000 
miles. 

Although the history of astronomy is the record of l)rilliant 
discoveries — of the labours of Copernknis, and of Kepler — of 
the telescopicj achievements of (Jalileo, and the s|)lendid theory 
of Newton — of the refined discovery of the aberration of 
light — of many other imperishable triuraj)hs of intellect — yet.. 
this achievement of the organist at the Octagon Cha])el occupies 
a totally diflerent position from any other. There never before 
had been any historic record of the disc^overy of one of the 
bodies of the particular system to which the earth belongs. 
The older planets were no doubt discovered by someone, but 
we can say little more about these discoveries than we can 
about the discovery of the sun or of the moon ; all urc alike 
prehistoric. Here was the first recorded instance of the dis- 
covery of a planet which, like the earth, revolves around the 
sun, and, like our earth, may ccmceivably be an inhabited 
globe. So unique an achievement instantly arrested the 
u 
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attention of the whole scientific world. The music-master at 
Bath, hitherto unheard of as an astronomer, was speedily placed 
in the very foremost rank of those entitled to the name. On 
all sides the greatest interest was manifested about the 
unknown philosopher. The name of Herschcl, then unfamiliar 
to Englisli ears, appeared in every journal, and a curious lisi, 
has been preserved of the number of blunders which were 
made in spelling the name. The dilfercnc scientific societies 
hastened to (jonvey their congratulations on an occasion so 
memorable. 

Tidings of the discovery made by the Hanoverian musician 
reached the ears of George 111., and he sent for Herschel to 
come to the Court, that the King might learn from the 
discoverer’s own lips Avhat he had actually achieved. 
Herschel brought with him one of his telescopes, and 
he provided himself with a chart of the solar system, with 
which to explain precisely wherein lay the significance of 
the discovery. The King was greatly interested in HerscheVs 
narrative, and not less in Herschcl himself. The telescope 
was erected at Windsor, and, under the astronomer’s guidan(,*e, 
the King was shown Saturn and other celebrated objects. It 
is also told how the ladies of the (’ourt the next day asked 
Hers(diel to show them the wonders whicdi had so pleased 
the King. The telescope was <luly erected in a window of 
one of the Queen’s apartments, but when evening arrived the 
sky was found to be overcast with clouds, and no stars could 
be seen. This was an experience with which Herschel, like 
every otlior astronomer, was unhappily only too familiar. But it 
is not every astronomer who would have shown the readiness 
of Hers(diel in escaping gracefully from the position. Ho 
showed to bis lady pupils the construction of the telescope: 
lie explained the mirror, and how lie had fashioned it and 
given the polish ; and then, seeing the clouds were inexorable, 
he proposed that, as he could not show them the real Saturn, 
he should exhibij: an artificial one as the best substitute. Tbc 
permission granted, Herschel turned the telescope away from 
the sky, and pointed it towards the wall of a distant garden 
On looking into the telescope there was Saturn, his globe and 
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hivS system of rings, so faithfully shown that, says Herschel, 
even a skilful astronomer might have been deecived. The 
fact Avas that during the course of the day Horschel saw 
that the sky Avould probably be overcast in the f‘-vc*ning, and 
ho had provided for the contingency by cutting a hole in a 
piece of cardboard, the shape of Saturn, which was then 
placed against the distant garden Avail, and illuminated by a 
lamp at the back. 

This visit to Windsor Avas productive of conse([uences 
momentous to Herschel, momentous to science, lie had made 
so lavourable an impression, that the King pr(:)pos('d to create 
for him the special appointment of King’s Astronomer at 
Windsor. The King Avas to provide the means ibr cre(iting 
the great telescopes, and ho allocated to llerscliel a salary of 
£200 a year, the figures being based, it must be admitted, 
on a someAvhat moderate estimate of the recpiirements of an 
astronomer’s household. Herschel mentioned these pai'ticulars 
to no one save to his constant and generous fri(‘nd, Sir W. 
Watson, Avlio exclaimed, “ Never bought monarcli honour so 
(dieap.” To other enquirers, Herschel merely said that the 
King had provided for him. In accepting this [)ost, the 
great astronomer took no doubt a serious step. Ho at once 
sacrificed entirely his musical career, uoav, from many sonnies, 
a lucrative one;, but his determination Avas speedily taken. 
The splendid earnest that he had already giA^en of his devotion 
to astronomy Avas, he kucAV, only the commemaaiient of a 
series of memorable labours. He had indeed long beci) 
feeling that it A\’as his boimden duty to follow that path in 
life Avhich his genius indicated. He Avas no longer a young 
man. He had attained middle age, and the years had become 
especially precious to one Avho knew that he had still a life- 
work to accomplish. He at one stroke freed himself from all 
distractions ; his pupils and concerts, his Avhole connection at 
bath, Avere immediately renounced ; he accepted the King’s 
offer Avith alacrity, and after one or two change's settled per- 
uianently at Slough, near Windsor. 

It has, indeed, been Avell remarked that the most iinpcjrtant 
event in connection Avith the discovery of Uranus Avas the 
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discovery of Herschel’s unrivalled powers of observation. 
Uranus must, sooner or later, have been found. Had Herschel 
never lived, we should still, no doubt, have known Uranus long 
ere this. The really important point for science was that 
Herschel ’s genius should be given full scope, by setting him 
free from the engrossing details of an ordinary professional 
calling. The discovery of Uranus secin*ed all this, and 
accordingly obtained for astronomy all Ilerschel’s future 
labours* 

Uranus is so remote that even the best of our modern 
telescopes cannot make of it a striking picture. We can see, 
as Herschel did, that it has a measurable disc, and from 
measurements of that disc we conclude that the diameter of 
the planet is about 81,700 miles. This is about four times 
as great as the diameter of the earth, and we accordingly see 
that the volume of Uranus must be about sixty-four times as 
great as that of the earth. We also find that, like the other 
giant jdanets, Uranus seems to be composed of materials mucli 
lighter, on the whole, than those wc find here; so that, 
though sixty-four tinu'S as large as the cai’th, Uranus is only 
liftcen times as heavy. If we may ti'iist to the analogies of 
what Ave see everywhere else in our system, wc can feel but 
little doubt that Uranus must rotate about an axis. TIk^ 
ordinary means of demonstrating this rotation can bo hardly 
available in a Ix^dy Avhose surface a])j)ears so small and so 
faint. The period of rotation is accordingly unknown. The 
speeit roscope tells us that a remarkable atmosphere, con- 
taining a])parently some gases foreign to our own, deeply 
envelops Uranus. 

There is, however, one feature about Uranus Avhich 
presents many points of interest to those astronomers who 
are possessed of telescopes of unusual size and perfection. 
Uranus is accompanied by a system of satellites, some ot 
Avhich are so faint as to require the closest scrutiny for their 
detection. The 'dis(a)very of tliese satellites Avas one of the 
subse(|uent achievements of Herschel. It is, hoAvever, remark- 
able that even his penetration and care did not preserve him 

* Seg Prolassor lloldcii’s ‘'Sir William llor.schcl, Iiis Ijifo and AVorks.” 
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from errors witli regard to these very delicate ohjcijls. Some 
of the points which ho thought to he satellites must, it would 
now seem, have been liicrely stars enormously more distant, 
which liappened to lie in the held of view. It has bcc'ii 
since ascertained that the known satellites of Uranus are 
four in number, and their movements have been made the 
subject of prolonged and interesting telescopic rescareh. The 
four satellites bear the names of Ariel, IJiubriel, Titania, and 
Oberon. Arranged in order of tlieir distance from the central 
body, Ariel, the nearest, accomplishes its jouriu'y m 2 days 
and 12 hours. Uberon, the most distant, com])letes its journey 
in 18 days and 11 hours. 

The law of Kepler declares that the [)ath of a, satellite 
around its primary, no less than of the ])rimarv around the 
sun, must be an ellipse. It leaAX's, however, boundless latitude 
in the actual eccentricity of the curve. The ellipse may he 
nearly a circle, it may be absolutely a circle, or it may ho 
something quite different from a circle. The paths pursiKid 
by the planets are, generally speaking, nearly eirc^les; but we 
meet with no exacl, circ'Je among ])lanetarv orbits. So far as 
we at |)resent know, the cios(.‘st approacli made to a peiTe(;tly 
circular movement is that by which the satellites of Uranus 
revolve around their ])rimary. AV(i are not ]>reparcd to say 
that these paths an^ absolutely circular. All that can ho 
said is that our telesco])es fail to show any measurable (hjpar- 
ture therefrom. It is also to ho noted as an iith-resting cir- 
cuTustanco that the orbits of the satellites of Ui-anus all lie 
ill the same plane. This is not true of the orbits of the 
})lanets around the sun, nor is it true of the orbits of any other 
system of satellites around their [irimary. The most singular 
circumstance attending the Uranian system is, however, found 
in the position which this plane (xaaqiics. This is indeed 
almost as great an anomaly in onr S 3 ^stem as are the rings 
of Saturn themselves. We have already had occasion to noti('C 
that the plane in which the earth r(‘volvos around tlu^ sun 
is very nearly coincident with the planes in which all the other 
great planets revolve. The same is true, to a large* i*xtent, of 
the orbits of the minor planets; though here, no doubt, wo 
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meet with a few cases in Avliich the plane of the orbit is inclined 
.at no inconsiderable angle to the plane in which the earth 
moves. The pbnie in whicli the moon revolves also approxi- 
mates to this system of planetary planes. So, too, do the orbits 
of the satellites of Saturn and of Ju])iter, while even the more 
recently (lis(;over(j(l satellites of Mars form no exception to 
the rule. The whole solar system — at least so far as the great 
planets arc concerned — would re(|Liirc comparatively little 
alteration if the orbits were to be entirely flattened down 
into one plane. There arc, however, some notable exceptions 
to this rule. 11ie satellites of rh-anus revolve in a plane which 
is far from coinciding with the ])lano to which all other orbits 
approximate. In fact, the paths of tlie satellites of t^ranus 
lie in a plane nearly at right angles to the orbit of Uranus. 
W’e are not in a position to give any satisfacjtory explanation 
of this circumstance. It is, however, evident that in the genesis 
of the Uranian system (here must have been some inlluenco 
of a (juit.e exc-eptional and local character. 

Soon aftei’ iXio discovery of the planet Uranus, in I7.SL 
suiUcient observations were accumulated to enable the orbit 
it follows to L»e detennined. AVhen the path was known, it 
Avas then a uku'c matter of mathemathail (jahailation to asc-erl.ain 
Avherc the ])lant^t was situated at any past time, and when^ it 
would bo situated at any future time. An interesting eiu|uirv 
Avas thus originat'd as (<> hoAv far it inight be possible to lind 
any obsorA-atioiis of the planet made previously to its dis(tovery 
by Hersclicl. Uranus looks like a star of the sixth niagni- 
tude. Not many astronomers were provided with telescopes 
of tht^ p(‘rfection attained by Herschel, and the pei’sonal delicacy 
of per(*e])tion characteristic of Herschel was a still more rare 
possession. It \vas, therefore, to be ex])ected that, if such 
previous (d)servations existed, they Avould merely record Uranus 
IIS a star visible, and indeed bright, in a moderate telescope, 
but still not claiming any exceptional attention over thousands 
of apparently similar stars. Many of the early asti’onoincrs 
had devoted theifiseh^cs to the useful and laborious Avork of 
forming catalogues of stars. Tn the preparation of a star 
catalogue, the telescope Avas directed to the heavens, the stars 



URANUS, 


Sll 

were observed, their places were carefully measured, the bright- 
ness of the star was also estimated, and thus the catalogue 
was gradually compiled in which each star had its ])lacc faith- 
fully recorded, so that at any future time it could be idenlitied. 
The stars Avere thus registered, by hundreds and by thousands, 
at various dates from the birth of accurate astronomy till the 
present time. The suggestion was then ma<le that, as Uranus 
looked so like a star, and as it was cjuite bright enough to 
luiA^e engaged the attention of astronomers possessed oi* even 
vnry moderate instrumental powers, there was a possibility 
that it had already been observed, and thus actually lay re- 
corded as a star in souuj of the older catalogues. This was 
indeed an idea worthy of every attention, and ])regnant Avith 
the most important conse([uences in (connection Avith the im- 
mortal discoAX'iy to ])e discussed in our next eha])tcr. ]>ut 
how Avas siKch an examinalion of the (catalogues to be con- 
ducted c' Uranus is (constantly moving about ; does it not 
seem that there is every element of imcertainty in such an 
investigation Let, us (Consider a notable examjde. 

The great national obseiwatory at (irreenwich Avas founded 
in 107o, and the first Astrononuw-lloyal Avas the illustrious 
Flamsteed, Avho in lOTb commenced that scries of ()l)S(cr\'ations 
of the lieaAX'uly bodies Avhi(‘li has been (continued to the [)res(ait 
(lay Avith such inccalculable beneiits to sci(cn(cc. At first the 
instruments were of a rather primitwe (h'seription, but in 
the c(Hirse of some years Flamsteed succ.e('ded in jirorcuring 
instruments adequate to the pixxluc-tion of a (‘atalogue of stai's, 
and ho devoted himself Avith extraordinary zeal to the under- 
taking. It is in this memorable work, the “ Histcjria (a(‘l(‘stis” 
of Flamsteed, that the earliest obsicrvation of Uranus is 
re(3orde(I. In the tirst ])lace it Avas known that the orbit of 
this body, like the orbit of every otlier great jilanet, was iiujclimxl 
at a very small angle to the e(cliptic. It hemce f()lloAA\s tluit 
Uranus is at all tiiiajs only to lie met with along the ei^liptic, 
and it is ])()ssible to (calculate Avliere the planet has been in 
(3ach yeai’. It Avas thus scjen tliat in It)90 tine ])lan(‘t was 
situated in that part of the ecliptic wlucre Flamsteed Avas at 
the same date making his observati(->ns. It Avas natural to 
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search the observations of Flamsteed, and see whether any 
of the so-called stars could have been Uranus. An object was 
found in the “ Historia Cudestis ” wliicdi occupied a position 
identical with that which Uranus must have filled on the same 
date. Could this be Uranus? A decisive test was at once 
available. The telescoj3e was directed to the spot in the heavens 
where Flamsteed saw a sixth-magnitude star. If that were 
really a star, then it would still be visible. The ti'ial was 
made: no such star could bo found, and hence the presumption 
that this was really Uranus could hardly be for a moment 
doubted. Sp(^edily other confirmation flowed in. It was 
shown that Uranus had been observed by Bradley and by 
Tobias Mayer, and it also became ap])arent that Flamsteed 
had observed Uranus not only once, but that he had actually 
measured its [dace (bur times in the years 1712 and 1715. 
Yet Flamsteed Avas never cons(*ious of the discovery that lay 
so nearly in his grasp. He Avas, of course, under the impression 
that all these observations related to diherent stars. A still 
more remarkable case is that of JiCmonnicr, w'ho had actually 
observed Uranus tw^elve times, and even recorded it on four 
consecutive days in January, 1761). If Ijcmonnier had only 
carefully looked over his own work; if he had perceived, as 
he might have done, how the stai- he observed yc^sterday w’as 
gone to-day, Avhilc the star visible to-day had moA^d away 
by to-niorrow, there is no doubt that Frauus would have been 
discovered, and William Herscliel wa:)uld have been antic'ipated. 
Would Lemonnier have made as good use of his fame as 
Iferschel did ? This seems a question Avhich can never be 
decided, but those Avho estimate Ilerschel as the present Avritcr 
thinks he ought to be estimated, Avill probably agree in thinking 
that it was most fortunate Ibr science that Lemonnier did not 
compare his observations.* 

Those early accidcaital observations of Uranus arc not 
merely to be regarded as matters of historical interest or 
curiosity. That deepest importance Avith 

* Arai^o s.'iys that “ T.<emonnior’s rooonla were tlie imago of chao.s.” IJouvarcl 
showed to Arago one of tb(' obsorvations of Unmu.s which was written on a paper 
bag that in its time had contained hair-powder. 



refTiird to the science itself a hnv words will enable us to 
show. It is to bo rcmcinbered that Uranus rc(iuires no less 
than cighty-foiir years to accomplish his mighty revolution 
around the sun. The planet lias completed one entire 
revolution since its discovery, and up to the present time 
(in07) has accomplished just one-half of another. For the 
careful study of the nature of the orbit, it was desirable to 
have as many measurements as possible, and extending over 
the widest possible interval. This was in a great measure 
secured by the identification of the early observations of 
Ijranus. An approximate knowledge of tlie orbit was quite 
capable of giving the places of the planet with sufficient 
accuracy to identify it when met with in the catalogues. But 
when by their aid the actual observations have been dis- 
(‘.overed, they tell us precasoly the place of lh*anus ; and 
hence, instead of our knowledge of the planet being limited 
to observations during one revolution and a half, wo have 
at the present time information extending over considerably 
more than two revolutions. 

From the observations of the ])lan(‘t the ellipse in Avhich 
it mov(‘s (an Ijo asetertained. We can compute this ellipse 
from the observations made during tin* time siiute the dis- 
('(.)very. AVe can also compute tin* (‘llipse tVom tlu'. (\ar!y 
observations made before the diseoxvry. if l\e])ler’s laws 
W('re rigorously veritied, then, of (*ours(^ the- (Hipse pcaibnned 
in the pri'scnt reV'olution must, differ in no ri‘S[)ect, from the 
elli])se performed in the preceding, or indeed in any other 
revolution. We can test this point in a.ti interesting manner 
by comparing the elli])sc derived from tlie ancient observations 
with that deduced from the niod(jrn ones. These (dlipses closely 
resemble cardi other: they are nearly the same; but it is 
most im])ortant to (observe that tli(*y ar<‘ not; r.afcfl// the same, 
cv(‘n Avhen allowance has b(3en made for (^very known source 
of disturbance in acc.ordance with the principles explained in 
the next chapter. The law of Kcqder seems thus not abso- 
lutely true in the case of rranus. is, imkaal, a matter 

demanding our most earnest and ('areful atU'ntion. Have wc 
not repeatedly laid down the universality of the laws of 
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Kepler in controlling the planetary motions ? How then 
(;an we reconcile this law with the irregularities proved 
beyond a doubt to exist in the motions of Lhanus 

Let us look a little^ more closely into the matter. \\r 
know that, the laws of Keplei* are a conse(pien(te of the laws 
of gravitation. \Vv know that the planet moves in an elliptir. 
path aroinul the sun, in virtue of the sun’s attraction, and 
we know that the ellipse will he ])r('scrved without lh(‘. 
minutest alteration if the sun and the planet he left to tla ir 
mutual attra<dions, and if no other force intervene. AVe 
can also (calculate the influence of each of the known planets 
on the form and position of the orbit. Hut when allowaia'e 
is made for all such perturbing influences it is found that 
the observed and computed orbits do not agree. The con- 
clusion is irresistihl(\ rraniis does not, move solely in 
consequence of the sun’s attraction and that ()f the planets 
of our system interior to Hranus; there must tlierefore he 
some further influence acting u[)on Uranus besides thos(j 
already known. To the development of this subject the next, 
chapter will be devoted. 



CHAPTER XV. 


NEPTUNE. 


Discovery of Neptnno — A ]M;ithcmatical Achievement — The Sun’s Attraction — 
All Dudios atti'act --J upitor and Saturn — The Planetary t’crturhations-— 
Thre(i Dodies— Nature has simplified the Problem — Approximate Solution--- 
The Sources of Success — The Problem Stated for tlui Karth — The Diseoverios 
of Laj’-ran.jjfe — The Kccentricity — Necessity that all tlui Planets rovohaj in 
the same Direction— La^^ranu^e’s Discoveriivs have not tlie Dramatic Interest 
of the more Decent Achievements- The Irregularities of [Frauiis — 'Idle Tin- 
known Planet must revolvi; outside tlie Path of Pranas 'Die Data bu* the 
Problem — Le Viirrior and Adams bolli iiivestii*atit the (biestion Adams 
indicati'S the I’lace of the Planet — How tlie Search was to be conducted 
Le Verrier also solves the Problem — The Telescopic Discoxei y of tlc' I’lanet 
— d’he Rival (Uaiiiis — Parly Observation of Neptum — Dilliculty of the 
Tidescopic Study of Neptune — Numerical Details of the Orbit --Is tlu.'i’e any 
Outer Planet!" — Contrast betwoeu. Mercury and Nh'ptiine. 

We describe in this chapter a discovery so extrtiordinary that 
the whol(^ annals of science may ho sc.archcd in vain for a 
ptirallcl. AVc tire not here concerned tvith tcclinicjilil ics of 
practical astronomy. Nej)tune was lirst ntvoalod by ])r()tomi(l 
niathematical researcli rather than by minute telescopic, in- 
vestigation. We must develop the account uf this strihing 
epoch in the history of schaice with tlio fulness of detail 
wliich is commeiisuriite with its importance ; and it will 
RC(*ordingly be necessary, at the outset of our narrative, to 
Piakc an excursion into a diflicnll. but attra(‘tivo department 
of astrononi}", to which wc have as yet made little n'ference. 

The supreme controlling power in the solar system is (be 
attraction of the sun. Each planet of the system (wperienees 
that attraction, and, in virtue thereof, is eonstrained to revolve* 
i* round the snn in an elliptic path. The etliciency of a body 
an attractive agent is directly pro])ortioiial to its mass, and 
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as the mass of the sun is more than a thousand times as groai. 
as that of Jupiter, wliich, itself, exceeds that of all the other 
planets collectively, tlie attraction of the sun is necessarily 
the chiol’ determining force of the movements in our system. 
The law of gravitation, however, does not merely say that the 
sun attracts each planet-. Gravitation is a doc; trine much 
more general, for it asserts that every body in the universe 
attracts every other body. In obedience to this law, each 
planet must bo attracted, not only by the sun, but by in- 
numerable bodies, and the movement of the planet must Im; 
the joint effect of all such attractions. As for the intluenee of 
the stars on our solar system, it may bo at once set aside as 
inapprc(;iablo. The stars are no doubt enormous bodies, in 
inaiiy (;ases possibly transccaiding the sun in magnitude, but 
the law of gravitation tells us that the intensity of the attrac- 
tion decreases as the scpiarc of the distance increases. Most 
of the stars are a million times as roinoto as the sun, and 
consecpiontly their attraction is so slight as to be absolutely 
iuappre(;iable in the discussion of this (piestion. The only 
attractions we lus'd consider are those AvhicJi arise from 
the a(;ti()n of one body of the system upon another. Let ns 
take, for instance, the two largest planets of our system, 
Ju])iter and Saturn. Each of these globes revolves mainly 
in consequence of the; sun’s attraction, but every planet also 
attrac'fs every other, and the consequence is that each one is 
slightly drawn away from the ])osition it would have other- 
Avise occupied. In the language of astronomy, avc would say 
that the 2^‘*ilh of Jupiter is perturbed by the attraction of 
Saturn; and, conversely, that the path of Saturn is per- 
turbed by the attraction of Jupiter. 

For many years these irregularities of the planetary 
motions ])r('sented problems Avith Avhich astronomers Avere not 
able to cope. Gradually, hoAvever, one dithculty after another 
has been vanquished, and though there arc no doubt some 
small irregularities still outstanding whiidi have not been 
completely explained, yet all the larger and more important 
phenomena of the kind are well understood. The subject 
one of the most ditiicult Avhich the astronomer has to on- 
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counter in the whole rango of his science. Ho has hero 
tf) calculate what efiect one planet is capable of producing on 
another planet. Such calculations bristle with formidable 
difficulties, and can only bo overcome bj^ consummate skill 
in the loftiest branches of mathematics. Let us state what 
the problem really is. 

When two bodies move in virtue of their mutual attrac- 
tion, both of them will revolve in a curve which admits of 
being exactly ascertained. Each patli is, in fact, an ellipse, 
and they must have a common focus at the centre of gravity 
of the two bodies, considered as a single system. In the 
case of a sun and a planet, in which the mass of the sun 
preponderates enormously over the mass of the planet, the 
centre of gravity of the two lies very near the centre of the 
sun; the path of the great body is ih such a (axse very 
small in comparison with the path of the planet. All 

these matters admit of perfc(ttly accurate calculation of a 
somewhat elementary character. But now let us add a 
third I)ody to the system which attracts each of tlie others 
and is attracted by them. In (jonsecjuenc.c of this attraction, 
tlie third body is displaced, and acc^ordingly its intluonce 
on the otlicrs is inoditied ; they in turn act upon it, and 

these actions and reactions introduce endless com])lcxity 
into the system. Such is the famous “ problem of three 

bodies,’' wliich has engaged the attention of almost eveiy 

great mathematician since the time of Newton. Stated in 
its mathematical as])ect, and without having its intricacy 
abated by any modifying circumstances, the problem is one 
that defies solution. Mathematicians have not yet been 
al)le to deal with the mutual attractions of three bodies 
moving freely in space. If the number of bodies be greater 
ihan three, as is actually the (aise in the solar system, the 
j>roblom becomes still more hopeless. 

Nature, however, has in this matter dealt kindly with us. 
-'^Iie has, it is true, propo.sed a problem which cannot be 
accurately solved ; but she has introduced into the problem, 
as proposed in the solar system, certain special features whicdi 
uiaterially reduce the difficulty. We are still unable to obtain 
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what a mathoTiiatician would describe as a rigorous solution 
of tlic (juestioii ; we cannot solve it with the completeness of 
a sum in arithmetic; but we can do what is nearly if not 
([uito as useful. We can solve tlio problem a[)proximatoly , 
we ('an tind out what the etlcct of one planet on the other is 
vrri/ tinfiifj, and by additional labour we can reduce the? 
limits of uncertainty to as low a point as may be desired 
We tlms obtain a practical solutiim of the problem adetpiaU) 
for all the purposes of science. It avails us little to know 
tJie place of a ])Ianet with absolute mathematical accuracy. 
If Ave can determimj what Ave Avant Avith so close an approxi- 
mation to the true position that no telescope could pcxssibly 
dis(jlose the diherence, then every practical end Avill hav(i 
been attained. The reason why in this case we are enabled tc 
got round the dithculties Avhich avo cannot surmount lies in 
the cxco])tional character of the problem of three b(3dies as 
exliibited in the solar system. In the first place, tlie sun is 
of suc.h pre-eminent mass that many matters may be over- 
looked which Avould be of moment were he rivalled in mass by 
any of the planets. Another source of our suectess arises froiii 
the small inclinations of the planetary orbils to each other; 
while the fact that the orbits are nearly circular also greatly 
facilitates the Avork. The mathematicians Avho may reside 
in some of the other parts of the universe are not ecpially 
favoured. Among the sidereal systems vve iind not a few 
cases Avliore the problem of three bodies, or e\"en of more than 
three, Avould have to be faced Avithout any of the alleviating 
circumstances Avhich our system presents. In such groups 
as the marvellous star 0 Orionis, avc have four or more 
bodies comparable in size, which must produce movements of 
the utmost complexity. Even if terrestrial mathematicians 
shall ever liave the hardihood to face such problems, there 
is no likelihood of their being able to do so for ages to 
come ; such researclies must repose on accurate observations 
as their foundation; and the observations of these distant 
systems are at present utterly inadequate for the purpose. 

The undisturbed revolution of a planet around the sun, in 
conformity Avith Keplers laAv, Avould assure for that planet 



NKFTUNE. 


319 


pcrinancTit conditions oP climate. The cartli, for instance, if 
iL,nii(lcd solely by Kepler’s laws, would return each day of the 
year exacitly to the same position which it had on the sanui 
(lay of last year. From aij^e to age the ([iiantity of heat, 
received by the earth Avould remain (anistaiit if the siin 
eontiiiued unaltered, and the present climate might thus be 
preserved indefinitely. But sine.e the existence of planetary 
perturbation has become recognised, ([uestions arise of the 
gravest importance with reference to the possible effects 
which such perturbations may have. We now see that the 
path of the earth is not absolutely fixc'd. That path is 
deranged by Venus and by Mars: it is deranged, it must be 
deranged, by every planet in our system. It is true that in 
a year, or even in a century, the amount of alteration pro- 
duced is not very great ; the elli])se wliicli repi-esents the 
path of our earth this year does not differ considerably from 
tluj ellipse which represented the movement of the earth 
one iiundred years ago. But the important fpiestion arises 
as to whether the slight difference Avhich does exist may 
not be C(mstantly increasing, and may not ultimately assume 
such proportions as to modify our (dimates, or even to 
render life utterly impossible. Indeed, if avc look at the 
subje(it Avithoiit attentive calculation, nothing would seem 
more probable than that sindi should be the fate of our 
system. This globe rev^olves in a jiath inside tliat of the 
mighty Jupiter. It is, therefore, constantly attracjted by 
Jupiter, and Avhen it overtakes the vast planet, and comes 
betAveen him and the sun, then the tAvo bodies are com- 
paratively close together, and the earth is pulled outAvards 
by Jupiter. It might be supposed that t he tendem^y of such 
disturbances Avcnild be to draAv the eai’th gradually away 
from the sun, and thus to ('ause our globe to describe a 
path e\mr groAving Avider and wider. It is not, hoAvever, 
possible to decide a dynamical cpiestion by merely superficial 
reasoning of this character. The question has to be brought 
before the tribunal of mathematical analysis, where every 
element in the case is duly taken into account. Such an 
enquiry is by no means a simple one. It worthily ocjcupied 
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the splendid talents of Lagrange and Laplace, whose dis- 
coveries in the theory of j^lanetary perturbation are some of 
the most remarkable achievements in astronomy. 

Wo cannot hero attempt to describe the reasoning which 
these great mathematicians employed. It can only be expressed 
by the formuLe of the mathematician, and would then bo 
hardly intelligible without previous years of mathematical 
study. It fortunately happens, however, that the results to 
which Lagrange and Laplace were conducted, and which have 
been abundantly confirmed by the labours of other mathe- 
maticians, admit of being described in simple language. 

Let us suppose the case of the sun, and of two planets 
circulating around him. Those two planets arc mutually dis- 
turbing eacdi other, but the amount of the disturbance is small 
in comparison with the effecjt of the sun on each of them. 
Lagrange demonstrated that, though the ellipse in which each 
planet moved was gradually altered in some respects by the 
attraction of the other planet, yet there is one feature of the 
curve which the perturbation is powerless to alter permanently : 
the longest axis of the elli])sc, and, therefore, the mean distance 
of the planet from the sun, which is equal to one-half of it, 
must remain unchanged. This is really a discovery as im- 
portant as it was unexpected. It at once removes all fear as 
to the effect whi(jh perturbations can produce on the stability 
of the system. It shows that, notwithstanding the attractions 
of Mars and of Venus, of Jupiter and of Saturn, our earth 
Avill for ever continue to revolve at the same mean distanc(^ 
from the sun, and thus the succession of the seasons and the 
length of the year, so far as this element at least is concerned, 
will remain for ever unchanged. 

But Lagrange went further into the enquiry. He saw that 
the mean distama^. did not alter, but it remained to be seen 
whether the eccentricity of the ellipse described by the earth 
might not be affected by the perturbations. This is a matter 
of hardly loss consequence than tliat just referred to. Even 
tliough the earth preserved the same average distance from 
the sun, yet the greatest and least distance might be wid(iy 
unequal : the earth might pass very close to the sun at one 
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part of its orbit, and then recede to a very great distance at 
the opposite part. So far as the welfare of our globe and its 
inhabitants is concerned, this is quite as important as the 
question of the mean distance ; too much licat in one half 
of tho year would afford but indifferent compensation for too 
little during the other half. Lagrange submitted this question 
also to his analysis. Again he vanquished the mathematical 
difficulties, and again he was able to give assurance, of the 
permanence of our system. It is true that he was not this 
time able to say that the eccentricity of each patli will remain 
constant ; this is not the case. What he docs assert, and 
what ho has abundantly proved, is that the eccentricity of 
each orbit will always remain small. We learn that the shape 
of the earth’s orbit gradually swells and gradually contracts ; 
the greatest length of the ellipse is invariable, but sometimes 
it approaches more to a circle, and sometimes becomes more 
elliptical. These changes arc comprised within narrow limits ; 
so that, though they may ])robably correspond with measurable 
climatic changes, yet the safety of the system is not imperilled, 
as it would be if the eecxmtricity could increase indefinitely. 
Once again Lagrange applied the resources of his calculus to 
study the effect which perturbations can have on the inclina- 
tion of the path in Avhich the planet moves. The result in 
this case was similar to that obtained with respect to the 
eccentricities. If we commence with the assumption that the 
mutual inclinations of the planets are small, then mathematics 
assure us that they must always remain small. AVe are thus 
led to the conclusion that the planetary perturbations arc 
unable to affect the stability of the solar system. 

We shall ^^orhaps more fully appreciate the importance of 
these memorable researches if we consider liow easily matters 
might have been otluu’wise. Let us suppose a system re- 
sembling ours in every respect save one. Let that system 
luive a sun, as ours has ; a system of planets and of satellites 
like ours. Let the masses of all the bodies in this hypothetical 
-ystem be identical with the masses in our system, and let 
^he distances and the periodic times be the same in tlic two 
f'ases. Let all the planes of the orbits be similarly placed ; 

V 
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and yet this hypothetical system might contain seeds of decay 
from which ours is free. There is one point in the imaginary 
scheme which wo have not yet specified. In our system all 
the planets revolve in the s'amc direction around the sun. 
Let us suppose this law violated in the hypothetical system 
by reversing one planet on its path. That slight change alone 
would expose the system to the risk of destruction by the 
planetary i)crturbations. Here, them, we find the necessity of 
that remarkable uniformity of the directions in which the 
planets revolver around the sun. Had these directions not 
beciii iiniform, our system must, in all probability, have perished 
ages ago, and wc should not be here to discuss perturbations 
or any other subject. 

Great as was the success of the eminent French mathe- 
matician who made these beautiful discov('ries, it was left for 
the nineteenth century to witness the crowning triumph of 
mathematical analysis applied to the law of gravitation. The 
work of Lagrange lacks the dramatic interest of the discovery 
made by Le Verrier and Adams, which gave still wider extent 
to the solar system by the discovery of the planet Neptune 
revolving far outside Uranus. 

We have already alluded to the difficulties which were 
experienced when it was sought to reconcile the early obser- 
vations of Uranus Avith those made since its discovery. AVo 
have shown that the ])ath in which this planet revolved ex- 
perienced change, and that consccpiently Uranus must Ixj 
exposed to the a(;tion of some other force besides the sun’s 
attraction. 

The (picstion arises as to the nature of these disturbing 
forces. From what wc have already learned of the mutual 
deranging influence between any two planets, it seems natural 
to iiKjuivc whether the irregularities of Uranus could not bo 
ac(ioiinted for by the attraction of the other planets. Uranus 
revolves just outside Saturn. The mass of Saturn is rnucli 
larger than the mass of Uranus. Could it not bo that 
Saturn draAvs Uranus aside, and thus causes the changes 
This is a question to be decided by the mathematician. U- 
Ciin compute what Saturn is able to do, and he finds, n'> 
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doubt, that Saturn is capable of producing some displacement 
of Uranus. In a similar manner Ju^utcr, with his mighty 
mass, acts on Uranus, and produces a disturbance which the 
mathematician calculates. When the figures had been worked 
out for all the known planets they were applied to UranuS; 
and we might expect to find that they would fully account 
for the observed irregularities of his path. This was, however, 
not the case. . After every known sourjc of disturbance had 
been carefully allowed for, Uranus was still shown to be in- 
Hiienccd by some further agent; and luaiec the conclusion 
was established that Uranus must bo alfected by some unknown 
body. What could this unknown body be, and where must 
it be situated ? Analogy was here the guide of those who 
speculated on this matter. We know no cause of disturbance 
of a planet’s motion except it be the attraction of another 
phmet. Could it be that Uranus was r(‘ally attracted by 
.some other planet at that time utterly unknown ? This sug- 
gestion was made by many astronomers, and it was ])ossible 
to determine some conditions which the unknown body should 
fulfil. In the first place its orbit must lie outside the orbit 
of Uranus. This was necessary, because the unknown planet 
must be a large and massive one to produce the observed 
irregularities. If, therefore, it were nearer than lh*anus, it 
would bo a conspicuous object, and must have been discovered 
long ago. Other reasonings were also available to show that 
if the disturbances of Ih’anus Avere caused by tin* attraettion 
of a planet, that body must revolve outside the globe discovered 
by Ilerschel. The general analogies of the ))lanct.ar}' system 
might also be invoked in support of the hypothesis that th(i 
l)ath of the unknown planet, though neoessarily elli])ti(*, did 
not differ Avidely from a circle, and that the plane in Avhich 
it moved must also be nearly coincident Avith the plane of 
the earth’s orbit. 

The measured deviations of Uranus at the different points 
of its orbit AAX're the sole data aA^ailable for the discovery of 
the ncAV planet. We have to fit the orbit of the nnknoAvn 
p^lobe, as Avell as the mass of the planet itself, in such a Avay 
to account for the various perturbations. Let us, lor 
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instance, assume a certain distance for the hypothptical body, 
and try if we can assign both an orbit and a mass for the 
planet, at that distance, which shall account for the per- 
turl)ations. Our first assumption is perhaps too great. Wo 
try .again with .a lesser distance. We can now represent the 
observations with greater accuracy. A third attempt will 
give the result still more closely, until at length the distance 
of the unknown planet is determined. In a similar way the 
mass of the body can be also determined. We assume a certain 
vjdue, and cah'ulato the perturbations. If the results seem 
greater than those obtained by observations, then the assumed 
mass is too great. Wo amend the assum])tion, and recompute 
with a lesser amount, and so on until at length we determine 
a mass for the jdanct which harmonises with the results of 
actual me.asurenient. The other elements of the unknown 
orbit — its eccentri('ity and the position of its axis — are all to 
be ascertained in a similar manner. At length it appeared 
that the perturbations of ITranus could be completely explained 
if the unknown planet had a certain mass, and moved in an 
orbit, which had a certain ])osition, Avhile it was also m.anifest 
tliiit no v<*ry different orbit or greatly altered mass would 
explain the obs(n’ved facts. 

These remarkable comput.ations were undertaken quite in- 
dependentlv by two .astronomers — one in Engl.and and one in 
France. Each of them attacked, and each of them succc'cded 
in solving, the great problem. The scientific men of England 
and the s(‘ientifi(‘ men of France joined issue on the question 
as to the claims of their respective champions to the great 
disc.overv; hut in the m.any years which have elapsed since 
these memorable researches the question has gr.adu.ally becona* 
settled. It is the impartial verdict of the’ scientific world 
outside England and France, that the merits of this splendid 
triumph of science must be divided equally between tlie late 
distinguished Professor J. C. Adams, of Cambridge, and the 
late U. J. d. be V>rrier, the director of the Paris Observatory. 

Shortly .after Hr. Adams had taken his degree at Cajnbridg<' 
in 184d, when he, obtained the distinction of Senior Wrangler, 
ho turned his attention to the perturbations of Ur.anus, and 
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gnided by these perturbations alone, commenced his search 
for the unknown planet. Long and arduous was the enquiry — 
demanding an enormous amount of numerical calculation, as 
Avell as consummate mathematical resource; but gradually 
Mr. Adams overcame the ditHculties. As the subject unfolded 
itself, he saw how the perturbations of Uranus could be fully 
explained by the existence of an exterior planet, and at length 
he had ascertained, not alone the orbit of this outer body, but 
he was even able to indicate the part of the heavens in which 
the unknown globe must be sought. With his researches in 
this advanced condition, Mr. Adams called on the Astronomer- 
Koyal, Sir George Airy, at Greenwich, in October, 1845, and 
placed in his hands the computations which indicated with 
marvellous accuracy the place of the yet unobserved planet. 
It thus appears that seven months before anyone else had 
solved this problem Mr. Adams had concpierc'd its difficulties, 
and had actually located the planet in a position but little 
more than a degree distant from the spot whic^h it is now 
known to have occupied. All that was wanted to complete 
the discovery, and to gain for Professor Adams and for English 
science the undivided glory of this achievement, was a strict 
telescopic search through the heavens in the neighbourhood 
indicated. 

Why, it may bo said, was not siuffi an enquiry instituted 
at once ? Nb doubt this would have been done, if the obser- 
vatories had been generally furnished in those days with the 
elaborate star-charts which they now possess. In the absence 
of a chart (and none had then been available of the part of 
the sky containing the unknown planet) the search for this 
body was a most tedious undertaking. It had been suggested 
that the new globe could be detected by its visible disc; but 
it must bo remembered that even Uranus, so much closer to 
us, had a disc so small that it was observed nearly a score 
of times without particular notice, though it did not escape 
the eagle glance of Herschel. There remained then only one 
available method of finding Neptune. It was to construct a 
chart of the heavens in the neighbourhood indicated, and then 
to compare this chart night after night with the stars in the 
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heavens. Before re(!Oin mending the commencement of a labour 
so onerous, the Astronomer-Royal thought it right to submit 
Mr. Adams’s researches to a crucial preliminary test. ilr. 
Adams had shown how his theory rendered an exact account 
of rhe p(irtiirbation.s of Uranus in longitude. The Astronomer- 
Royal asked Mr. Adams whether he was able to give an equally 
clear explanation of the notable variations in the distance of 
Uranus. Tliero can be no doubt that his theory would have 
rendered a sat isfactory account of these variations also ; but, 
unfortunately, Mr. Adams seems not to have thought the matter 
of suliicient importanc'o to give the Astronomer-Royal any 
S[)ecdy reply, and hence it happened that no less than nine 
inontlis elapsed between the time when Mr. Adams first com- 
mimi(.*ar,ed his results to tlie Astronomer-Royal and the time 
Avheu the telescopii; searcdi for the phinet was systematically 
commenced. 1^ to this time no ac(a)unt of Mr. Adams’s 
researclies liad he.en published. His labours were known to 
but. few besides the Astronomer-Royal and Professor (yhallis 
of (.Cambridge, to whom the duty of making the sOarch was 
afterwards entrusted. 

In th(> meantime the attention of Le Verricr, the great 
French mathematician and astronomer, had been specially 
dii*ected by Arago to tlie problem of the perturbations of 
Ui’auus. With (‘xhaustive analysis Lc Verrier investigated 
every ])ossiblo known source of disturbance. The influences 
of the older planets were estimated once more with every pre- 
cision, but only to ('ontirm the conclusion already arrived at 
as to their inadequacy to account for the perturbations. Le 
Verrier tlien commenced tlie search for the unknown planet 
by the aid of mathematical investigation, in complete ignorance 
oi tlie labours of Adams. In November, 1S45, and again on 
tlie 1st of June, 1<S40, portions of the French astronomer’s 
results w<a*e announced. Tlie Astronomer-Royal then perceived 
that liis calculations coincided practically witli those of Adams, 
insomuch that thc' places assigned to the unknown planet by 
the two astronoimns were not more than a degree apart! This 
was, indeed, remarkable result. Here was a planet unknown 
to human sight, yet felt, as it were, by mathematical analysis 
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with a certainty so great that two astronomers, each in total 
ignorance of the other’s labours, concurred in locating the 
planet in almost the same spot of the heavens. The existence 
of the new globe was thus raised nearly to a certainty, and 
it became incumbeut on practical astronomers to commence 
the search forthwith. In June, 1«S4(], the Astronomer- Royal 
announced to the visitors of the Greenwich Observatory the 
close coincidence between the calculations of Lc Verrier and 
of Adams, and urged that a strict scrutiny of the region indi- 
cated should be at once instituted. J’rofessor Challis, having 
the command of the great Northumberland equatorial tele- 
scope at Cambridge, was induced to undertake the work, and 
on the 29th July, I84(i, he began his labours. 

The plan of search adopted by Professor Challis was an 
onerous one, lie lirst took the theoretical place of the planet, 
as given by Mr. Adams,' and after allowing a very large margin 
for the uncertainties of a calculation so recondite, he iiiarkcd 
out a certain region of the heavens, near the ecliptic, in whi(jh 
it might bo anticapated that the unknown planet must bo 
found. Ho then determined to observe all the stars in this 
region and measure their relativ'o positions. When this work 
was once done it was to be repeated a second time. IJis scheme 
even contemplated a third complete set of observations of 
the stars contained Avithin this selected region. There could 
be no doubt that this process Avould determine the planet if 
it Avere bright enough to come A\dthin the limits of stellar 
magnitude which Professor (Jhallis adopted. The globe would 
be detected by its motion relatively to the stars, Avhen the 
three series of measures came to be com 2 )ared. The scheme 
Avas organised so thoroughly that it must have led to the 
cxj)ccted discovery — in fact, it afterwards a 2 )))eared that Pro- 
fessor Challis did actually observe the jdanet more than once, 
and a subsec^uent comparison of its positions must infallibly 
have led to the detection of the neAv globe. 

Le Verrier Avas steadily maturing his no less elaborate 
investigations in the same direction. He felt confident of the 
existence of the planet, and he Avent so far as to predi(^t not 
only the situation of the globe but even its actual appearance. 
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lie thouffht the planet would be lari^^e enough (though still 
of course only .a telescopic object) to be distinguished from 
the stars ])y the possession of a disc. These definite predictions 
strengthened the belief that we Avere on the verge of another 
great dis(iovery in the solar system, so much so that Avhen 
Sii* Jffiin Hcrschel addressed the British Association on the 
lOlIi of Septeilibcr, 184(1, he uttered the following Avords: — 
“The ])ast year has given to us the new planet Astnea — it 
lia-s done more, it has given us the probable prospect of 
another. We sec it as Columbus saAV America from the 
shoi’cs of Spain. Its movements liaA^e been felt trembling 
along the far-reaching line of our analysis, Avith a certainty 
hardly inferior to ocular demonstration.” 

The time of the discoA^ery was now rapidly approaching. 
On the 18th of Sejitcmbcr, 184(1, Le Verrier wrote to Dr. Galle. 
of t,h(? InTliii Observatory, describing the place of the planet 
indicated by his calculations, and asking him to make its 
lelescoi)ic discovery. The re(piest thus preferred Avas similar 
to that made on behalf of Adams to Professor Challis. IJoth 
at Berlin and at (Jambridge the telescopic research Avas to 
be made in the same region of the heavens. The Berlin 
astronomers Avere, hoAvever, fortunate' in possessing an in- 
valuable aid to the research Avhich Avas not at the time in 
the hands of Professor Challis. Wc have mentioned how the 
search for a telescopic planet can be facilitated by the use 
of a carefully-executed chart of the stars. In laet, a mere 
comparison of the chart with the sky is all that is necessary. 
It happened that the preparation of a scries of star charts 
had been undertaken by the Berlin Academy of Sciences some 
years ]n*eviously. On these charts the place of every star, doAvn 
even to the tenth magnitude, had Ix'cn fiiith fully engraved. 
This AA^Ai-k Avas one of much utility, but its originators could 
hardly have anticipated the brilliant discovery Avhich Avould 
arise from their years of tedious labour. It Avas found con- 
venient to publish such an extensive piece of surveying Avork 
by instalments, and accordingly, as the chart Avas completed, 
it issued from the press .sheet by sheet. It happened that 
lUSt before the ucavs of Le Yerrier’s labours reached Berlin 
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the chart of that part of the heavens had been enj:^raved 
and printed. 

It was on the 28 rd of September that Lo Yerrier’s letter 
reached Dr. ({alio at Berlin. The sky that night Avas clear, 
and Avo can imagine Avith what anxiety Dr. Gallo directed his 
telescope to the heavens. The instrument Ayas pf)inted in 
accordance Avith Lc V^errier’s instructions. The field of vioAV 
shoAved a multitude of stars, as does every part oi’ the heavens. 
(.)]ie of these Avas really the planet. The new chart Avas unrolled, 
and, star by stai', the heavens Avere compared with it. As the 
identification of the stars Avent on, one object after another 
Avas found to lie in the heavens as it Avas engriivcd on the 
chart, and Avas of course rejected. At length a star of the 
eighth magnitude — a brilliant object — A\^as brought into notice, 
The chart Avas examined, but there Avas no star there. This 
object could not have been in its present place Avhen the 
chart Avas formed. The object Avas therefore a Avamhu'cr — a 
planet, ^^et it Avas necessary to be cautious in such a, matter. 
Many possibilities had to be guarded against. It AA^as, for 
instance, at l(\‘ist conceivable that the object Avas really a star 
Avhich, by some mischance, eluded the careful eye of the 
astronomer avIio had constructed the maj). It Avas even 
possible that the star might be one of the large (;lass of 
A^ariablcs AA^hich alternate in brightness, and it. miglit have 
been too faint to liaA^e been visible Avhen the chart Avas made. 
Or it might be one of the minor planets moving betAveen Mars 
and Ju2)iter. Even if none of these explanations Avould ansAver, 
it Avas still necessary to shoAV that the object Avas moving 
Avith that particular A^locaty and in that particulai* direction 
Avhich the theory of Le Verri(‘r indicated. The laps(i of a 
>iiigle day Avas suificient to dissipate all doubts. The next 
night the object Avas again obsciwed. It had moA-cd, and 
when its motion AA^as iiu^asured it Avas found to accord precisely 
with Avhat Lc Verrier had foretold. Indeed, as if no circurrn 
'Stance in the confirmation should be AA^anling, the diameter 
of the planet, as measured by the microrneUa’s at Berlin, 
laTjved to be practically coincident Avith that anticipated by 
be Verrier. 
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The world speedily rang with the news of this splendid 
achievement. Instantly the name of Le Verrier rose to a 
pinnacle hardl}' surpassed by that of any astronomer of an\’ 
age or country. The circumstances of the discovery were higlily 
dramatic. We picture the great astronomer buried in profound 
meditation for many months; his eyes are bent, not on the 
stars, but on his calculations. Xo telescope is in his hand ; 
the human iiiUdlect is the instrument lie alone uses. With 
patient labour, guided ])y consummate mathematical artitice, 
he manipulates his columns of ligures. He attempts one 
solution after another. In each he learns something to avoid; 
by each ho obtains some light to guide him in his future 
labours. At length he begins to see harmony in those results 
whore before there was but discord. Gradually the clouds 
dis[)erse, and he discerns with a certainty lit^tlc short, of actual 
vision the planet glittering in the far depths of space. Ho rises, 
from his desk and invokes tlie aid of a practical astronomer; 
and lo ! there is the planet in the indicated spot. The annals 
of science present no such spectacle as this. It was the most 
triumphant pi'oot oi‘ the law of universal gravitation. The 
Nowl.oniiin theory had indeed long ere this attained an im])reg- 
nable position; but, as if to place its truth in the most con- 
spicuous light, (his (li.scovery of Xe]>tuno was accomplished. 

for a moment it seemed as if the French were to taijoy 
the undivide<l honour of this splendid triumph; nor would 
it, indeed, have beim untitting that the nation which gave birth 
to Lagrange and to La] dace, and which developed the great 
Newtonian theorv by their immortal labours, should have 
obtaiiied this distiiiclion. Up to the time of the telescopic 
discovery of the ])lauet by Dr. Gallo at Lerlin, no public an- 
nouncement had been made of the labours of Challis in search- 
ing for the ])lanol, nor even of the theoretical researches oi 
Adams on which those observations were based. Liit in tlu* 
midst ot the jreans of triumph with Avhich the enthusiastic 
Freindi nation haihnl the discovery of Lc A'errier, there ap])ear“d 
a letter I’rom Sir -hdiii Herschel in the AfheiKVAim for »lrd 
Octobei-, l.S4-(), in which he announced the researches made 
by Adams, and claimed for him a participation in the gbO 
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of the discovery. Subsequent enquiry has shown tliat this 
claim was a just one, and it is now universally admitted by 
all independent authorities. Yet it will easily be imagined that 
the French savant^^, jealous of the fame of their countryman, 
could not at first be brought to recognise a (ilaim so put for- 
ward. They werii asked to divide the unparalleled honour 
l)etwecn their own illustrious countryman and a young foreigner 
of Avliom but few had ever heard, and who had not even 
published a line of his work, nor had any claiin been made on 
his part until after the work had been completely finislu‘d by 
Le A^erricr. The demand made on behalf of Adams was 
accordingly repudiated by the French astronomers, and an 
embittered controversy was the consequence. Point by point 
the English astronomers succeeded in establishing the claim 
of their countryman. It was true that Adams had not pulw 
lished his researches to the world, but he had con i mimical ed 
them to the Astronomer-Uoyal, the otheial head of the S(nence 
in this country. They were also well known to Professor (diallis, 
the Professor of Astronomy at Cambridge, and when the 
work of Adams was published it was limnd to be quite 
as thorough and (piito as successful as that of Lc Verricr. It 
was also found that the method of search a(lo])tcd by Professor 
Challis not only must have been eventually successful, but tliat 
it actually was in a sense already succes.sful. AVhen the tele- 
scopic discovery of the planet had been achieved, (.'hallis turned 
naturally to see whether he also had observed the new globe. 
Tt was on the 1st October that he Inward of th(‘ success of 
Dr. Gallc, and by that time Challis had accumulated obser- 
vations in connection with this research of no fewer than 3,150 
stars. Among them he speedily found that, an object ob.scrved 
on the 12th of August was not in the same ])lace on the 
30th of July. This was really the planet ; and its discovery 
would thus have been assured liad Challis had time to 
compare his measurements. In fact, if he had onl}' discussed 
his observations at once, there cannot be much doubt that the 
entire glory of the discovery would have been awarded to 
Adams. He would then have been first, no less in the theo- 
retical calculations than in the optical verification of the planet’s 
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existence. It iiuiy also be remarked that Challis narrowly 
missed makin^i,^ the discovery of Xeptime in another way. Le 
Verrier had pointed out in his paper the possibility of detecting 
the soiiglit-for globe by its disc. Challis made the attem])t, 
and bid'ore llio intelligence ot the actual discovery at Beidin 
bad rt'acbed him be had made an examination of the region 
indicatfid by Le A'errier. About 300 stars passed through the 
field of view, and among them he selected one on account of 
its disc ; it afterwards appeared that this was indeed the 
planet. 

If the reseandies of Le Verrier and of Adams had never 
been undertaken it is certain that the distant Neptune must 
have been some time discovc'red ; yet that might have been 
made in a manner which every true lover of science would 
now de])Iore. We lunir constantly that, new minor planets 
are observed, yet no one attaches to such achievements a 
fraction of the consequonce belonging to the discovery of 
Neptune. The danger was, that Neptune should have boon 
merely dropped u])on by simple survey work, just as TJranus 
was dis(‘ov(ired, or just as the hosts of minor planets arci now 
found. In this case Theoretical Astronomy, tlie great science 
founded liy Newton, would have been deprived of its most 
brilliant illustration. 

Neptune had, in fact, a very narrow t'seape on at least 
one previous occasion of being discovered in a very simple 
way. This was shown when sufficient observations had b('en 
collect(‘d to enable the path of the planet to be calculated. 
It was then possible to trace back the movements of the 
])lanet among the stars and thus to institute a search in the 
catalogues of earlier astronomers to see whether they contaiiied 
any record of Neptune, erroneously noted as a star. Several 
such instances have been discovered. I shall, however, only 
reder to one, which possesses a singular interest. It was found 
tliat the place of the jdanet on .May 10th, 1795, must have 
coindded with that of a so-called star recorded on that day 
in the “ llistoire Celeste” of l..alande. By actual examination 
of the heavens it further appeared that there was no star in 
the place indicated by Lalande, so the ffict that here was 
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really an observation of Neptune was placed quite beyoud 
doubt. When reference was made to the original numuseripts 
of Lalande, a matter of great interest was brought to liglit. 
It was there found that he had observed tlie same star (for 
so he regarded it) both on ifay 8th and on May lOth; on 
each day he had deterinined its position, and both observa- 
tions are duly recorded. But when he came to ])repare his 
catalogue and found that the places on tin' two (xtcasions 
were different, he discarded the earlier result, and merely 
printed the latter. 

Had Lalande possessed a proper confidence in Viis own 
ol)servations, an immortal discoveiy lay in Ids gras)> ; had he 
manfully said, “I Avas right on the lOth of ilay and I Avas 
right on the 8th of ilay ; 1 made no mistake.' on eitluT occasion, 
and the olyect 1 saAV on the 8th must have moA^d betwi'cn 
that and the 10th,’’ (hen he must. Avithout fail have found 
Neptune. I kit had he done so, how lamentable Avould have 
been the loss to science! The discovery of Neptune Avould 
then merely have been an accidental roAvard to a laliorious 
Avorkcr, instead of being one of the most glorious achicA^enu'nts 
in the loftiest department of human reason. 

Besides this brief sketch of the discovery of Neptune, avc 
liave but little to tell Avith regard to this distant ])lanet If 
Avo fail to sec in Vranus any of those features Avhich make 
JIars or Venus, Jiqiitcr or Saturn, such attractive idescopic 
objects, Avhat can avc expi'ct to find in N(‘plune, which is 
half as far again as Lranus ? AVith a good tclesco])e and a 
suitable magnifying power ^vo can indeed see (hat Xeptuiu^ 
has a disc, but no features on that, disc*, can i)e identified. We 
are consequently not in a ])osition to as(;ertain the ])criod in 
which Neptune rotates around its axis, though from the general 
analogy of the system av(‘ must feel assured that, it really 
does rotate. More successful have been the attempts to measure 
the diameter of Neptune, Avhieh is found to be about 85,000 
miles, or more than four times the diameter of the earth. It 
Avould also seem that, like Jiqiiter and like Saturn, the 
])lanet must be enveloped with a vast cloud-laden atmosphere, 
for the mean density of the globe is only about one-fifth that 
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of the eartli. Tliis i^^rcat globe revolves around the sun at a 
mean distauco of no less than 2,<S()0 millions of miles, whicli 
is about thirty tinu's as great as the mean distance from the 
earth to the sun. Tlie journey, though accomplished at the 
rate of more than three miles a second, is yet so long that 
Neptune rc([uires almost 1()5 years to complete one revolution. 
Since its discovery, some fifty years ago, Neptune has moved 
through about onc-tbird of its path, and even since the date 
wlaai it wa*s tirst casually seen by Lalande, in 1795, it has 
(ally had time to traverse three-iifths of its mighty circuit. 

N(‘ptuiie, like our earth, is attended by a single satellite; 
this delicat.c object ^iis discovered by Mr. Lassell with his 
two-foot reilecjting telescope shortly after the planet itself 
became known. The motion of the satellite of Neptune is 
nearly (‘ircular. Its (U'bit is inclined at an angle of about 
o5' to the Ecliptic, and it is specially noteworthy that, like 
tlio satellites oj' Uranus, the diiv(‘-tion of the motion runs 
counter to the planetary movements generally. The satellite 
[icrforms its journey anuind Neptune in a period of a little 
It'ss than six days. By observing the motions of this moon 
we are enabled to determine the mass of the planet, and 
thus it appears that the weight of Neptune is about (Uie 
nineteen-thousandth part of that of the sun. 

No planets beyond Nc])tune have been seen, nor is there 
at present any good ground for belicAung in their existence 
as visual objects. In the chapter on the minor planets 1 
have entered into a discussion of the way in whicli these 
objects are (lis('ovcred. It is by minute and diligent C(un- 
parison of t he heavens with elaborate star charts that these 
bodies are brought to light. Such eiupiiries Avould be equally 
elH<*a{;ious in seiirching for an ultra-Neptunian planet: iu 
fact, wo could design no better method to seek for such a 
body, if it existed, than that which is at this moment in 
constant practice at many observatories. The labours ot 
those who scan'll, for small planets have been abundantly 
rewarded with discoveries mnv counted by hundreds. Yet it 
is a noteworthy fact that all these planets arc limited to one 
region of the solar system. It has sometimes been con- 



NETTVNE. 


jcctlircd that time may disclose perturbations in the orbit of 
Neptune, and that these perturbations may lead to the dis- 
covery of a planet still more remote, even thou<,di that planet 
be so distant and so faint that it eludes all telescopic research. 
At present, however, such an enquiry can hardly come within 
the range of practical astronomy. Nc})tune’s movements have no 
doubt been studied minutely, but it must describe a larger 
part of its orbit before it would be feasible to conclude, from 
the perturbations of its path, the existence of an unknown 
and still jnore remote ]danet. 

We have thus seen that the planetary system is bounded 
on one side by ^lercury an<l on the other by Neptune. The 
discovery of Mercury was an achievement of jn’chistoric times. 
The eai-ly astvonomer who ac(*ompIished that feat, when 
devoid of instrumental assistance and unsu])])orted by accurate 
theoretical knowledge, merits our hearty admiration for his 
untutored acuteness and penetration. On the olher hand, the 
discovery of the (xxterior boundary of the plan(‘tary system 
is worthy of special attention from the l‘a(;t that it was 
founded solely on profound theoretical learning. 

Though we here clo.se our account of the planets and 
their satellites, avo have still two chapters to add before 
we shall have (jomplcted Avhat is to be said Avith regard to 
the solar system. A further and notable elass of bodies, 
neither planets nor satellites, oavii allegiance to the sun, and 
revolA'O round him in conformity Avitii the laAvs of universal 
gravitation. These bodies are the comets, and their some- 
Avhat more humble associates, the shooting stars. We tind in 
the study of these objects many matters of interest, Avhich we 
shall discuss in the ensuing chapters. 
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Tx <uir previous cliapters, wliicli treixtcd of the sun aiid the 
moon, the planets and iheir satellites, we found in tdl cases 
that the celestial bodies with which we were concerned were 
nearly glolmltir in forin, and many are nndouhtedly of solid 
siibstaiK'e. All these objects j^ossess ti density whitdi, even if 
in some castes it be mn(*h less than that of the earth, is still 
himdrcds of limes v.Teater than the density of merely gaseous 
materials. We now, howevt'r, tipproach the considt'ration of a 
(dass of objects of a widely different character. AVe have no 
longer to deal with globular objects possessing considerablr 
mass. Comets are of altogether irregular shape; they are in 
large part, at all events, formed of materials in the utmost 
state of tenuity, and their masses are so small that no nu'ans 
we possess have enabled them to be measured. Xot only 
are conrTs ditlerent in constitution from planets or from the 
other more solid bodies of our system, but the movements ot 
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such bodies are quite distinct from the orderly return of the 
planets at their appointed seasons. The comets a[)pear some- 
times with alpiost startling unexpectedness; they rapidly swell 
in size to an extent that in superstitious ages called forth the 
utmost terror ; presently they disappear, in many cases never 
again to return. Modern science has, no doubt, removed a 
great deal of the mystery which once invested the whole 
subject of comets. Their movements are now to a large 
extent explained, and some additions have been made to our 
knowledge of their nature, though we must still confess that 
what we do know bears but a very small proportion to what 
remains unknown. 

ijot me first describe in general terms the nature of a 
comet, in so far as its structure is disclosed by the aid of a 
powerful refracting telescope. Wo represent in Plate XII. 
two interesting sketches made at Harvard College Observatory 
of the great comet of 1874, distinguished by the name of 
its discoverer Coggia. 

A\ c see here the head of the comet, containing as its 
brightest spot what is called the nucleus, and in which the 
material of the comet seems to be much denscu* than else- 
where. Surrounding the nucleus we find certain definite 
layers of luminous material, the coma., or head, from 20,000 
to 1,000,000 miles in diameter, from which the tail seems to 
stream away. This view may be regai’dcd as showing a typical 
object of this class, hue the varieties of structure presented 
by different comets are almost innumerable. In some oases 
we find the nucleus absent; in other cases we find the tail 
to be wanting. The tail is, no doubt, a cons[)icuous feature 
in those great comets which receive universal attention; but 
in the small tolescoj)ic objects, of which a few are generally 
found every year, this feature is usually absent Not only do 
comets present great varieties in appearance, but even the 
aspect of a single object undergoes great change. The comet 
will sometimes increase enormously in bulk; sometimes it will 
diminish; sometimes it will have a large tail, or sometimes 
no tail at all. Measurements of a comet’s size are almost 
futile ; they may cease to be true even during the few hours 
w 
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in which a comet is observed in the course of a night. It 
is, in fact, impossible to identify a comet by any description 
of its personal appearance. Yet the question as to identity 
of a comet is often of very great consequence. We must 
provide means by which it can be established, entirely apart 
from what the comet may look like. 

It is now well known that several of these bodies make 
p(iriodic returns. After having been invisible for a certain 
number of years, a comet comes into view, and again retreats 
into space to perform another revolution. The question then 
arises as to how we are to recognise the body when it does 
come back ? The personal features of its size or brightness, 
the ])resence or absence of a tail, large or small, are Heeting 
characters of no value for such a purpose. Fortunately, how- 
ever, the law of elliptic motion established by Kepler has 
suggested the means of defining the identity of a comet with 
absf)lutc precision. 

After Newton had made his discovery of the law of gravi- 
tation, and succeeded in demonstrating that the elliptic paths 
of the planets around the sun were necessary consequences of 
that law, he was naturally tempted to apply the same reasoning 
to explain the movements of comets. Here, again, he met with 
marvellous success, and illustrated his theory by completely 
explaining the movements of the remarkable body which was 
visible from December, 1680, to March, 1681. 

There is a certain beautiful curve known to geometricians 
by the name of the parabola. Its form is shown in the ad- 
joining iigure ; it is a curved line which bends in towards 
and around a certain point known as the focus. This would 
not be the occasion for any discussion of the geometrical pro- 
])erties of this curve; they sliould be sought in works on 
mathematics. It will here be only necessary to point to the 
connection which exists between the parabola and the elli])se. 
In n former chapter we have explained the construction of 
the latter curve, anc] avc have shown how it possesses two foci. 
Let us suppose that a series of ellipses are drawn, each of 
which lias a greater distance between its foci than the pre- 
ceding one. Imagine the process carried on until at length 



COMETS. 


339 


the distance between the foci became enormously great in 
comparison with the distance from each focus to the curve, 
then each end of this long ellipse will practical!}^ have tlio 
same form as a parabola. We may thus look on tlie latter 
curve represented in Fig. G9 as being one end ot an ellipse 
of which the other end is at an indetinitely great distance. 



In 1681 Doerfel, of Saxony, proved that the great (;omet 
then recentl}^ observed moved in a parabola, in the focus of 
which the sun was situated. Newton showed that the law 
of gravitation would permit a body to move in an (dlipsc 
of this very extreme type no less than in one of the more 
ordinary proportions. An object revolving in a pai’abolie. (U^bit 
about the sun at the focus moA-es in gradually towards tlio 
sun, sweeps around the great luminary and then begins to 
retreat. There is an obvious distinction between ])ai’aboli(; and 
elliptic motion. In the latter case the body, after its retreat t(; 
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a certain distance, will turn round and again draw in towards 
the sun; in fact, it must make periodic circuits of its orbit, 
as tlie planers are found to do. But in the case of the true 
parabola, tin? body can never return; to do so it would have 
to doiibhi the distant focus, and as that is intinitely re- 
mot (*, it could not be reached except in the lapse of infinite 
tina*. 

The characteristic feature of the mov(‘ment in a parabola 
may be thus described. The body draws in gradually towards 
th(‘ focus from an indefinitely remote distance on one side, 
and aft(‘r passing round the focus gradually recedes to an 
indefiniti'ly remote distance on the other side, never again to 
return. When Newton had perceived that parabolic motion 
of this (y[)e c(nil(l arise from the law of gravitation, it at once 
occuri’i'd to him (indt'pendently of JJoerfers discovery, of which 
lie was not aware) that by its means the movements of a comet 
might be explained. He knew that conu'ts must be attracted 
liy th(‘ sim : Ik; saw that the usual course of a comet was to 
appear smhhaily, to swee]) around the sun and then retreat, 
never egain to return. Was this really a case of parabolic^ 
motion Fortunately, the materials for the trial of this im- 
portant, suggestion were ready to his hand. He was able to 
avail him.self of the known movennaits of the comet of 1080, 
and of observations of several other bodies of the same nature 
which had bt'eii collected l)y the diligence of astronomers. 
With his usual sagacity, Newton devised a method by Avhich, 
from the known facts, the path which the comet pursues could 
b(' determin(‘d. lie found that it was a parabola, and that 
the velocity of the comet was governed by the law that the 
straight line from the sun to the comet swept over equal 
an^as in eipial times. Here was another confirmation of the 
law of univor.sal gravitation. In this case, indeed, the theory 
may be said to have been actually in advance of calculation. 
Ke])l('r had determined from observation that the paths of 
the pl.inets were ellipses, and Newton liad shown how this 
fa(*t was a consequence of the law of gravitation. But in 
the case of the comets their highly erratic orbits had never 
been reduced to geometrical form until the theory of Newton 
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showed him that they were parabolic, and then he invoked 
observation to verity the anticipations of his theory. 

The great majority of comets move in orbits which cannot 
be sensibly discriminated from parabohe, and any body whose 
orbit is ot this character can be seen at only a single apparition. 
The theory of gravitation, thougli it admits tlic parabola as a 
possible orbit for a comet, docs not assert that the path must 
necessarily be of this type. We have pointed out that this 
curve is only a very extreme type of ellipse, and it would still 
be in perfect accordance with the law of gravitation for a 
comet to pursue a path of any elliptical form, provided that 
the sun was placed at the focus, and that the comet obeyed 
the rule of describing equal areas in equal times. If Ji body 
move in an elliptic path, then it will i*eturn to the sun again, 
and consequently we shall have periodical visits from tho 
same object. 

An interesting field oi‘ enquiry was hero present, ed to tho 
astronomer. Nor was it long before the discovery of a periodic 
comet was made which illustrated, in a striking manner, the 
soundness of the antieijjation just expressed. The name of 
the celebrated astronomer Halley is, perhaps, best known from 
its association Avith the groat comet Avhose periodicity was 
discovered by his calculations. When Halley IcariuHl from 
the NeAvtonian theory the possibility that a comet might move 
in an elliptic orbit, he undertook a most laborious investigation ; 
he collected from various records of obscr\^ed comets all the 
reliable particulars that could be obtained, and thus he Avas 
enabled to ascertain, with tolerable accuracy, the nature of 
the paths pursued by about twenty-tbur large comets. One 
of these Avas the great body of lGfS2, Avhich Halley himself 
obseiwed, and Avhose path he computed in accordance Avith 
the principles of NeAvton. Halley then proceeded to investi- 
gate Avhether this comet of 1()82 could have visited our system 
at any jn’cvious epoch. To aiisAver this question he turned 
to the list of recorded comets Avhich he laid so carefully 
compiled, and he found that his comet very closely resembled, 
both in appearance and in orbit, a comet observed in 1607, 
and also another observed in 1531. (Jould these three bodies 
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be identical ? It was only necessary to suppose that a comet, 
instead of revolvini? in a parabolic orbit, really revolved in an 
extremely elongated ellipse, and that it completed each revo- 
lution in a period of about seventy-five or seventy-six years. 
He sill )m it, ted this hypothesis to every tost that he could 
devise; he found that the orbits, determined on each of the 
three occasions, were so nearly identical that it would be 
contrary to all pi'obability that the coincidence should be 
accidental. Accordingly, he decided to submit his theory to 
the most supreme test known to astronomy. He ventured 
to make a prediction which posterity would have the oppor- 
tunity of verifying. If the period of the comet were seventy- 
five ()r seventy-six years, as the former observations seemed 
to show, then Halley estimated that, if unmolested, it ought 
to return in 1757 or 1758. There were, however, certain 
sources of disturbance which he pointed out, and which would 
be (juite poweriul enough to aficct materially the time of 
return. The comet in its journey passes near the path of 
Jupiter, and experiences great perturbations from that mighty 
planet. Halley concluded that the ex})ectcd return might be 
accordingly delayed till the end of 1758 or the beginning 
of 1750. ' 

This prediction was a memorable event in the history of 
as^ronom 3 ^ inasmuch as it was the first attempt to foretell 
the apparition of one of those mysterious bodies whose visits 
seemed guided by no fixed law, and which were usually re- 
garded as omens of awful imj^ort, Halley felt the importance 
of his announcement. He knew that his earthly course would 
have run long before the comet had completed its revolution ; 
and, in language almost touching, the great astronomer writes : 
“ Wherefore if it should return according to our prediction 
about the year 1758, impartial posterity will not refuse to 
acknowledge that this was first discovered by an Englishman.” 

As the time drew near when this great event was expected, 
it awakened the liveliest interest among astronomers. The 
distinguished mathematician Clairaut undertook to compute 
anew, by the aid of improved methods, the effect which would 
be wrought on the comet by the attraction of the planets. 
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His analysis of the perturbations was sufficient to show that 
the object would be kept back for 100 days by Saturn, and 
for 518 days by Jupiter. He therefore gave some additional 
exactness to the prediction of Halley, and finally concluderi 
that this comet would reach the perihelion, or the point ot 
its path nearest to the sun, about the middle of April, 1759. 
The sagacious astronomer (who, we must remember, lived 
long before the discovery of Uranus and of Neptune) further 
adds that as this body retreats so far, it may possibly be 
subject to influences of which we do not know, or to the 
disturbance even of some planet too remote to be ever per- 
ceived. He, accordingly, qualified his prediction with the 
statement that, owing to these unknown possibilities, his calcu- 
lations might be a month wrong one way or the other. Clairaut 
made this memorable communication to the Academy of 
Sciences on the 14th of November, 1758. The attention of 
astronomers was immediately quickened to see whether the 
visitor, who last appeared seventy-six years previously, was 
about to return. Night after night the heavens were scanned. 
On Ohristmas Hay in 1758 the comet was first detected, and 
it passed clo^est to the sun about midnight on the 12th of 
March, just a month earlier than the time [innounced by 
Clairaut, but still within the limits of error which he had 
assigned as being possible. 

The verification of this prediction was a further confirma- 
tion of the theory of gravitation. Since then, Halley’s comet 
has returned once again, in 1835, in circumstances somewhat 
similar to those just narrated. Further historical research has 
also succeeded in identifying Halleys comet with numerous 
memorable apparitions of comets in former times. It has even 
been shown that a splendid object, which appeared eleven 
years before the commencement of the ('hristian era, Avas 
merely Halley’s comet in one of its former returns. Among 
the most celebrated visits of this body was that of 1006, 
when the apparition attracted universal attention, A 2 )icture 
of the comet on this occasion forms a quaint feature in the 
Bayeux Tapestry. The next return of Halley’s comet is ex- 
pected about the year 1910. 
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There are now several comets known which revolve in 
elliptic paths, and are, accordingly, entitled to be termed 
periodic. These objects are chiefly telescopic, and arc thus 
in strong contrast to the splendid comet of Halley. Most of 
the other periodic comets liave periods much shorter than 
that of Halley. Of these objects, by far the most celebrated 
is that known as Encke's comet, which merits our careful 
attention. 

The object to which we refer has had a striking career^ 
during which it has provided many illustrations of the law 
of gravitation. We are not here concerned with the prosaic 
routine of a mere planetary orbit. A planet is mainly sub- 
ordinated to the compelling sway of the sun’s gravitation. It 
is also to some slight extent affected by the attractions which 
it experiences from the other planets. Mathematicians have 
long been accustomed to anticipate the movements of these 
globes by actual calculation. They know hov\^ the place of 
the planet is approximately decided by the sun’s attraction, 
and they can discriminate the different adjustments which 
that place is to receive in consequence of the disturbiinces 
produced by the other planets. The capabilities of the planets 
for producing disturbance are greatly increased when the 
disturbed body follows the eccentric path of a comet. It is 
frequently found that the path of such a body comes very 
near the track of a planet, so that the comet may actually 
sweep by the planet itself, even if the two bodies do not 
actually run into collision. On such an occasion the disturbing 
eflbct is enormously augmented, and Ave therefore turn to the 
comets Avhen we desire to illustrate the theory of planetary 
perturbations by some striking example. 

Having decided to choose a comet, the next question is, 
W/ntf comet ? There cannot here be much room for hesitation. 
Those sphaidid comets Avhich appear so capriciously may be 
at once excluded. They are visitors apparently coming for 
the flrst time, and retreating without any distinct promise 
that mankind shall ever see them again. A comet of this 
kind moves in a parabolic path, SAveeps once around the sun, 
and thence retreats into the space Avhence it came. Wo cannot 
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study completely the effect of perturbations on a comet until 
it has been watched during successive returns to the sun. 
Our choice is thus limited to the comparatively small class 
of objects known as periodic comets ; and, from a survey 
of the entire group, we select the most suitable to our 
purpose. It is the object generally known as Kneke's comet, 
for, though Encke was not the discoverer, yet it is to his 
calculations that the comet owes its fame. This body is 
rendered more suitable for our purpose by the researches to 
which it has recently given rise. 

In the year 1818 a comet was discovered by the painstaking 
astronomer Pons at Marseilles. We are not to imagine that 
this body produced a splendid spectacle. It was a small tele- 
scopic object, not unlike one of those dim nebuke which are 
scattered in thousands over the heavens. The comet is, how- 
ever, readily distinguished from a nebula by its movement 
relatively to the stars, while the nebula remains at rest for 
centuries. The position of this comet was ascertained by its 
discoverer, as well as by other astronomers. Encke found 
from the observations that the comet returned to the sun 
once in every three years and a few months. This was a 
startling announcement. At that time no other comet of 
short period had been detected, so that this new addition to 
the solar system awakened the liveliest interest. The ques- 
tion Avas immediately raised as to whether this comet, which 
revolved so frequently, might not have been observed during 
previous returns. The historical records of the apparitions 
of comets are counted by hundreds, and how among this 
host are we to select those objects which Avere identical Avith 
the comet discovered by Pons ? 

We may at once relinquish any hope of identification from 
draAvings of the object, but, fortunately, there is one feature 
of a comet on Avhich Ave can seize, and Avhich no fluctuations 
of the actual structure can modify or disguise. The path in 
which the body travels through space is independent of the 
l)odily changes in its structure. The shape of that path and 
its position dej)ond entirely uj^on those other bodies of the 
solar system which are specially involved in the theory of 
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Encke’s comet. In Fipf. 70 we show the orbits of three of the 
planets. They have been chosen with such proportions as 
shall make the innermost represent the orbit of Mercury ; the 
next is the orbit of the earth, while the outermost is the orbit 



of Jupiter, Eesides these three we have drawn in the tigurc a 
much more elliptical path, representing’ the orbit of Encke’s 
comul, prqjooted down on the plane of the earth’s motion. 
Tlic sun is situated at the focus of the ellipse. The comet 
IS constrained to revolve in this curve by the attraction ol 
the sun, and it requires a little more than three years to 
accomjJish a complete revolution. It passes close to the sun 
at perihelion, at a point inside the path of Mercury, while 
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at its greatest distance it approaches the path of Jupiter. 
This elliptic orbit is mainly determined by the attraction ot 
the sun. Whether the comet weighed an ounce, a ton, a 
thousand tons, or a million tons, whether it was a few miles, 
or many thousands of miles in diameter, the orbit would still 
be the same. It is by the shape of this ellipse, by its actual 
size, and by the position in which it lies, that we identify the 
comet. It had been observed in 1786, 1795. and 1805, but on 
these occasions it had not been noticed that the comet's path 
deviated from the parabola. 

Encke’s comet is usually so faint that even the most 
powerful televscope in the world Avould not show a trace 
of it. After one of its periodical visits, the body with- 
draws until it recedes to the outermost part of its path, then 
it will turn, and again apju’oach the sun. It would seem 
that it becomes invigorated by the sun’s rays, and com- 
mences to dilate under tluar genial influence. While moving 
in this part of its path the comet lessens its distance from 
the earth. It daily increases in splcnd(nir, until at length, 
partly by tla^ intrinsic increase in briglitness and ])artly by 
the decrease' in distance from the earth, it conies within the 
range of our telescopes. We can generally anticipate when 
this will occur, and we can indicate the point to which 
the telescope is to be directed so as to discern the comet at 
its next return to perihelion. The comet cannot elude the 
grasp of the mathematician. He can tell when and wliere 
the comet is to be found, but no one can say what it will 
be like. 

Were all the other bodies of the system removed, then the 
path of Encke’s comet must be for ever jK'rfornnal in the 
same ellipse and with absolute regularity. The chief interest 
for our present purjiose lies not in the regularity of its path, 
but in the irregularities introduced into that path by the 
presence of the other bodies of the solar system. Let us, for 
instance, follow the progress of the comet through its p(a*ihelion 
passage, in which the track lies near that ot the planet Mercairy. 
It will usually happen that Mercury is situated in a distant 
part of its path at the moment the comet is passing, and the 
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influence ot the planet will then be comparatively small. It 
may, however, sometimes ha23pen that the planet and the comet 
come close together. One of the most interesting instaiicu^s 
of a close approach to ^ferciiry took place on the 22nd 
Noveiiibcr, 1<S48. On that day the comet and the planet were 
separated by an interval of only about one-thirtieth of thii 
earth’s distance from the sun, i.e, about 3,000,000 miles. On 
several other occasions the distance between Encke’s comet 
and ^Icrcury has been less than 10,000,000 miles — an amount 
of trifling import in comparison with the dimensions of our 
system. Approaches so close as this are fraught with serious 
conse(|uenccs to the movements of the comet, ifercury, though 
a small body, is still sufficiently massive. It always attracts 
the cornet, but the efficacy of that attraction is enormously 
enhanced when the comet in its wanderings comes near the 
planet. The efte(‘t of this attraction is to force the comet to 
swerve from its path, and to imj)ress certain changes upon its 
velocity. As the comet recedes, the disturbing influence of 
Mercury rapidly abates, and ere long becomes insensible. Ikil 
time cannot efface from the orbit of the comet the effect which 
the disUirbatKiC of Mercury has actually aceomj^lished. The 
disturbed orbit is different from the undisturbed ellipse which 
the comet would have occupied had the influence of the sim 
alone determined its shape. AVe are able to calculate the 
Tiiovements of the comet as determined by the sun. We can 
also calculate the eifects arising from the disturbance produced 
by Alercury, 2 :)rovided we know the mass of the latter. 

Though Arercury is one of the smallest of the planets, it 
is perhaps the most troublesome to' the astronomer. It lies 
so close to the sun that it is seen but seldom in comj^arison 
with the other great planets. Its orbit is very eccentric, and 
it experit'iKH's disturbances by the attraction of other bodies 
in a way not yet fully understood. A special difficulty has 
also been found in the attempt to place A[ercury in the weighing 
s(*ales. We can weigh the whole earth, wo can weigh th(^ sun, 
the moon, and oven Jujntcr and other planets, but Alercury 
jm-sents difficulties of a peculiar character. L(‘ WTrier, how 
ever, succeeded in devising a method of weighing it. He 
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demonstrated that our earth is attracted by this planet, and he 
showed how the amount of attraction may be disclosed by 
observations of the sun, so that, from an examination of the 
observations, he made an approximate determination of the 
mass of ^lercury. Le X’^erricr’s result indicated that the weight 
of the planet was about the fourteenth part of the weight of 
the earth. In other words, if our earth was placed in a balance, 
and fourteen globes, each equal to Mercury, were laid in the 
other, the scales would hang evenly. It was necessary that 
this result should be received with great caution. It depended 
upon a delicate interpretation of somewhat precarious measure- 
ments. It could be regarded as only of jirovisional value, to bo 
discarded when a better result should be obtiiined. 

The approa(di of Encke’s comet to Mercury, and the elaborate 
investigations of \'on Aston and Backlund, in which the obser- 
vations of the body w(‘re discussed, have ihroAvn much light 
on the subject: but, owing to a peculiarity in the motion of 
this comet, which wo shall presently mention, tlu‘ difHculties 
of this investigat ion are (‘uormous. Bac^klunds latt‘st result is, 
that the sun is t), 700, 000 tiiiies as In^avy as Mercury, and he 
(u)nsiders that this is worthy of gn'at contideiice. Tie ‘re is a 
considerable difference between this result (which makes the 
earth about thirty times as heavy as .Menairv) and that of 
be Verrier: and, on the other haml, Jlain-dtl has, from tlu^ 
motion of XVinnccke’s periodic comet, found a value of the 
mass of Mercury which is not very diHerent from J^e Verrier s. 
Mercury is, howcv('r, the only planet about the mass of which 
there is any serious uncertainty, and this must not make us 
doubt the accura(‘y of this delicate weighing-machine. Lof)k 
at the orbit of Juj)iter, to which Encke's comet approaches so 
nearly when it retreats from the sun. It will sometimes 
happen that Jupiter and the comet are in close ])roximity, and 
then the mighty planet seriously disturbs the pliaUe orbit of 
the comet. The path of the latter bears unmistakable trac(‘s of 
the Jupiter perturbations, as well as of tlu? Mei*cury perturba- 
tions It might seem a hopeless task to discriminate between 
the influences of the two planets, overshadowed as th(‘y both 
arc by the supreme coptrol of the sun, but contrivances 
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of niatheiTiatical analysis are adequate to deal with the 
prohlcm. They point out how iniich is due to Mcrcairy, how 
much is due to Jupiter; and the wanderings of Encke’s comet 
can thus be made to disclose the mass of Jupiter as well as 
that of Mercury. Here we have a means of testing the pre- 
cision of our weighing appliances. The mass of Jupiter can 
be measured by his moons, in the way mentioned in a previous 
chaptrT. As the satellites revolve round and round the planet, 
the}^ furnish a method of measuring his weight by the rapidity 
of their motion. They tell us that if the sun were placed in 
one S('ale of the celestial balam^c, it would take 1,047 bodies 
equal to Jupiter in the other to weigh him down. Hardly a 
trace of uncertainty clings to this determination, and it is 
therefore' of great interest to test the theory of Encke’s comet 
by seeing whether it gives an accordant result. The com- 
parison lias Ikh'u made by Von Asten. Encke’s comet tells 
us that tile sun is 1,050 times as heavy as Jupiter; so the 
results are ]U’aeti(‘ally identical, and the accuracy of the indi- 
cations of the ('oiiiet are contirmed. But the calculation of 
the ])erturbatious of Encke’s comet is so extremely intricate 
that Astc'ii’s result is not of great value. From the motion 
of Winnecke’s periodic comet, Haerdtl has found that the sun 
is 1,047’17 times as heavy as Jupiter, in perfect accordance 
with the best results derived from the attraction of Jiqiiter on 
his satellites and the other planets. 

We have hitherto discussed the adventures of Encke’s 
comt't in cases Avliere they throw light on questions other- 
wise more or less known to us. We now approach a celebrated 
])roblcni, on which Encke’s comet is our only authority. 
Every 1,-210 days that comet revolves completely around its 
orbit, and returns again to the neighbourhood of the sun. 
The movements of the comet are, however, somewhat irregular. 
We have already explained how perturbations arise from 
Mercury and from Jupiter. Further disturbances arise from 
the attraction of tlie earth and of the other remaining planets ; 
but all these can be allowed for, and then Ave arc entitled to 
expect, if the laAv of gravitation be universally true, that the 
comet shall oljcy the calculations of mathematics Encke’s 
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comet has not justified this anticipation ; at each revolution 
the period is getting steadily shorter ! Each time the comet 
comes back to perihelion in two and a half hours less than 
on the former occasion. Two and a half hours is, no doubt, 

;i small period in comparison with that of an entire revo- 
lution; but in the region of its path visible to us the comet 
is moving so quickly that its motion in two and a half hours 
is considerable. This irregularity cannot be overlooked, inas- 
much as it has been confirmed by the returns during about 
twenty revolutions. It has sometimes been thought that 
the discrepancies might be attributed to some planetary ]K‘r- 
turbations omitted or not fully accounted for. The masterly 
analysis of Von Aston and Backlund has, however, disposed 
of this explanation. They have minutely studied the obstT- 
vations down to 1<S91, but only to confirm the reality of this 
diminution in the periodic time of Encke’s comet. 

An explanation of these irregularities was suggested by ’ 
Kncke long ago. Let us briefly attempt to describe this 
memorable hypothesis. When we say that a body will move 
in an elliptic path around the sun in virtue of gravitati^m, it 
is always assumed that the body has a free course through 
space. It is assumed that there is no friction, no air, or 
other source of disturbance. But suppose that this assump- 
tion should be incorrect ; suppose that there really is some 
medium pervading space which oflers resistance to the comet 
in the same way as the air impedes the flight of a rifle bullet, 
what effect ought such a medium to produce ? This is the 
idea which Encke put forward. Even if the greater part 
of space be utterly void, so that the path of the filmy and 
almost spiritual comet is incapable of feeling resistance, yet 
in the neighbourhood of the sun it was su])poscd that there 
might be some medium of excessive tenuity capable of 
afiecting so light a body. It can be demonstrated that a 
resisting medium such as we have supposed would lessen the 
size of the comet’s path, and diminish the periodic time. This 
hypothesis has, however, now been abandoned. It has always 
appeared strange that no other comet showed the least sign 
of being retarded by the assumed resisting medium. But 
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the labours of Backlund have now proved beyond a doubt 
that the acceleration of the motion of Encke’s comet is 
not a constant one, and cannot be accounted for by assum- 
ing a resisting medium distributed round the sun, no matter 
how we imagine this medium to be constituted with regard 
to density at diifcrcnt distan(a;s from the sun. Backlund 
found that the acceleration was fairly constant from 18U) 
to 1<S5(S ; it (jomnienced to decrease between 1858 and 18(j2, 
and continued to diminish till some time between 1868 and 
1871, siiuic which time it has remained fairly constant. He 
considers that the acceleration can only be produced by the 
comet encountering periodically a swarm of meteors, and it 
we could only observe the comet during its motion through 
the greater part of its orbit we should be able to point out 
the locality where this encounter takes ])laee. 

We have stdected the ('omets of Halley and of Enckc tis 
illustrations of the class of ])cri()dic comets, of which, indeed, 
tliey arc the most reinarkabh* members. Another very 
remarkaldc periodic comet is that of Biela, of which we shall 
liavc more to say in the next chapt(‘V. Of the mucli more 
numerous class of non-periodic (Comets, examples in abund- 
ance may be cited. We shall mention a few which have 
appeared during the last, (onturv. There is first the sjdendid 
comet of 1843, which appeared suddenly in February of that 
year, and was so brilliant that it could be s(‘en during full 
daylight. This comet followed a path which could not 
be certainly distinguished from a ]>arabola, thougli there is 
no doubt, that it might have been a very elongated ellipse. 
It is fre([uently impossible to decide a question of this kind, 
during the brief opportunities available for linding the place 
of tlie comet. Wo can only see the object during a very 
small arc of its orbit, and even then it is not a very well- 
defined point which admits of being measured with the pre- 
cision attainable in observations of a star or a planet. This 
comet of 1848 is, however, especially remarkable for the 
rajiidity with which it moved, and for the close approach 
whi(*li it made to the sun. The heat to which it was ex- 
posed during its passage around the sun must have been 
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enormously greater tlian the heat which can be raised in 
our mightiest furnaces. If the materials had been agate or 
cornelian, or the most infusible substances known on the earth, 
they would have been fused and driven into vapour by the 
intensity of the sun’s rays. 

The great comet of l<So8 was one of the celestial spectacles 
of modern times. It was first observed on June 2nd of that 
year by Donati, whose name the comet has subsequently borne ; 
it was then merel}’ a faint nebulous spot, and for about three 
months it pursued its way across the heavens without giving 
any indications of the splendour which it was so soon to attain, 
’file comet had hardly become visible to the unaided eye at 
the end of August, and was then furnished with only a very 
small tail, but as it gradually drew nearer and nearer to the 
sun in September, it soon became inv(»sted with s])lendour. A 
tail of majestic ])roportions was ([uickly develo})e(l, and by 
the middle of October, when the maximum brightness was 
attained, its length extended over an arc of forty degrees. The 
beauty and interest (.)f this comet were greatly enhanced by 
its favourable ])osition in the sky at a season when the nights 
were snihciently dark. 

On the 22nd Ma}^ 18S1, Mr. Tebbutl, of Windsor, in New 
South AVales, discovered a comet wiu(;h speedily developed 
into one of the most interesting cidestial obje(‘ts seen by this 
g(3neration. About the 22nd of June it became visible from 
these latitudes in the northern sky at midnight. Oradually 
it ascended higher and higher until it passed around the pole. 
The nucleus of the comet was as bright as a star of thi' tii’st 
magnitude, and its tail ^vas about 20'" long. On the 2nd of 
September it ceased to be visible to the unaided (ye, l)ut 
remained visible in telescopes until the following February. 
This was the first comet which was successfully photograplied, 
and it may be remarked that comets possess veiy little actinic; 
power. It has been estimated that moonlight pcjssesses an 
intensity 800,000 times greater than that of a comet where 
the purposes of photography are concerned. 

Another of the bodies of this class which have; received 
great and deserved attention was that discovered in the 
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southern hemisphere early in September, 1882. It increased 
so much in brilliancy that it was seen in daylight by Mr. 
Common on the 17th of that month, while on the same day 
the astronomers at the Cape of Good Hope were fortunate 
enough to have observed the body actually approach the sun’s 
limb, where it ceased to be visible. We know that the comet 
nuist have passed between the earth and the sun, and it is 
very interesting to learn from the Cape observers that it was 
totally invisible Avhen it was actually ])rojected on the sun’s 
(Use. The following day it was again visible to the naked eye 
in full daylight, not far from the sun, and valuable spectroscopic 
observations were secured at Dunecht and Palermo. At that 
time the comet was rushing through the part of its orbit 
(ilosest to the sun, and about a week later it began to be 
visible in the uuwning before sunrise, near the eastern horizon, 
exhibiting a tine long tail. (See Plate XVII.) The nucleus 
gradually lengthened until it broke into four separatt^ 
pieces, lying in a straight line, while the comet’s head becanu'- 
envc‘lopcd in a sort of faint, nebulous tube, pointing towards 
the sun. Several small detached nebulous masses became 
also visible, which travelled along with the comet, though 
not Avith the same velocity. The conu't betAame invisible to 
the naked eye in February, and Avas last observed tele- 
s(a)])ically in South America on the 1st rlune, 18(S8. 

There is a remarkable resemblance between the orbit of 
this comet and the orbits in which the comet of IGbS, the 
great comet of 1S48, and a great comet seen in 1880 in the 
southern hemisphere, travelled round the sun. In fact, these 
four comets moved along very nearly the same track and rushed 
round the sun Avithin a couple of hundred thousand miles of 
the surface of the photosphere. It is also possible that the 
comet Avhich, accewding to Aristotle, appeared in the year 
372 ito. followed the same orbit. And yet we cannot suppose 
that all these Avere apparitions of one and the same comet, 
as the observations of the comet of 1882 give the period of 
revolution of that body equal to about 772 years. It is not 
impossible that the ccmiets of 1843 and 1880 are one and the 
same, but in both years the observations extend over too short 
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a time to enable us to decide whether the orbit was a para- 
bola or an ellipse. But as the comet of 1882 was iii any case 
a distinct body, it seems more likely that we have here a 
family of comets approaching the sun from the same region 
of space and pursuing almost the same course. We know a 
few other instances of such resemblances between the orbits 
of distinct comets. 

Of other interesting comets seen within recent years we 
may mention one discovered by Mr. Holmes in London 
on the Gth November, 1892. It was then situated not far 
from tlie bright nebula in the constellation Andromeda, and 
like it was just visible to the naked eye. The comet became 
gradually fainter and more diffused, but on the lOlh January 
following it appeared suddenly with a central condensation, 
like a star of the eighth magnitude, surrounded b)' a small 
coma, (tradually it expanded again, and grew fainter, until it 
was last observed on tlic Gth A])ril.* The orbit was found to 
be an ellipse more nearly circular than the orbit of any other 
known comet, tlie period being nearly seven years. Another 
comet of 1892 is remarkable as having been discovered by 
Professor Barnard, of the Lick Observatory, on a |)hot()graph 
of a region in Acpiila; he was at once able to distinguisli 
the comet from a nebula by its motion. 

Since 1804 the light r)f every coniet which has made its 
appearance has been analysed by the spin-troscope. The 
slight surface-brightness of these bodies renders it nec.essary 
to open the slit of the spectroscope rather wide, and the dis- 
persion employed cannot be very great, which again makes 
accurate measurements difficult. The spectrum of a (jomet is 
(diiehy characterised by three bright bands shading gradually 
off towards the violet, and sharply detined on the side 
towards the red. This appearance is caused by a large 
number of One and close lines, whose intensity and distance 
apart decrease towards the violet. These three bands reveal 
the existence of hydrocarbon in comets. 

* The first comet of 18 <S 1 al.so suddenly increasc'd in brii^htm'ss, while* a 
distinct disc, which hitherto had formed the nucleus, became transtbrmed into a 
fine point of light. 
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The important role which we thus find carbon playing in 
the constitution of comets is especially striking when we reflect 
on the significiince of the same element on the earth. We see it 
as the chief constituent of all vegetable life, we find it to be 
invariiibly present in animal life. It is an interesting fact that 
this element, of such transcendent importance on the earth, 
should now have been proved to be present in these wandering 
bodies. The hydrocarbon bands are, however, not always 
llu^ only features visible in cometary spectra. In a comet 
seen in the spring months of 1882, Trofessor Copeland dis~ 
cov(ired that a new bright yellow line, coinciding in position 
with the D-linc of sodium, had suddenly appeared, and it 
was snbse([uently, both by him and by other observers, seen 
beautifully double. In fact, sodium was so strongly repre- 
sented in this comet, that both the head and the tail could be 
perfectly well seen in sodium light by merely opening the 
slit of the spectrosco[)o very wide, just as a solar prominence 
may be seen in hydrogen light. The sodium line attained 
its greatest brilliance at the time when the comet was nearest 
to the sun, while the hydrocarbon bands were either invisibli' 
or very faint. The same connexion between lh(i intensity of 
the sodium line and the distance from the sun was noticed 
in the great September comet of 1882. 

The spectrum of the great comet of 1882 w;is observed 
by (hpeland and Lohse on the 18th September in daylight, 
and, in addition to the sodium line, they saw a number of 
other bright lines, which seemed to be due to iron vapour, 
while the only line of manganese visible at the temperature 
of a Bunsen burner was also seen. This very remarkable 
observation was made less than a day after the perihelion 
passage, and illustrates the wonderful activity in the interior 
of a comet when very close to the sun. 

In addition to the bright lines comets generally show a 
faint continuous spectrum, in which dark Fraunhofer lines 
can occasionally be ,distinguished. Of course, this shows that 
the continuous spectrum is to a great extent due to reflected 
sunlight, but there is no doubt that part of it is often due to 
light actually developed in the comets. This was certainly 
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the case in the first comet of 1884, as a sudden outburst of 
light in this body was accompanied by a considerable increase 
of brightness of the continuous spectrum. A change in the 
relative brightness of the three hydrocarbon bands indicated 
a considerable rise of temperature, during the continuance 
of which the comet emitted Avhite light. 

As comets are much nearer to the earth than the stars, it 
will occasionally happen that the comet must arrive at a 
position directly between the earth and a star. There is 
quite a similar phenomenon in the movement of the moon. 
A star is frequently occulted in this way, and the observations 
of such phenomena are familiar to astronomers; but when a 
comet 2 )asses in front of a star the circumstances are widely 
(lifierent. The star is indeed seen nearly as well through 
the comet as it would be if the comet were entirely out of 
the way. This has often been noticed. One of the most 
celebrated observations of this kind was made by the late 
Sir John Hcrschel on Biela’s comet, Avhich is one of the 
periodic class, and will be alluded to in the next, chapter. 
The illustrious astronomer saw on one occasion this object 
pass over a star cluster. Ft consisted of excessively minute 
stars, which could only be seen by a powerful teles(a)pe, such 
as the one Sir John was using. The faintest haze oi* the 
juerost trace ot cloud would have sufiiced to hido stars like 
these. It was therefore with no little interest that the astro- 
nomer watched the progress of Biela’s comet. Gradually the 
wanderer (Uicroached on the group of stars, so that if it had 
any appreciable solidity the numerous twinkling ])oints would 
have been completely screened. But Avhat were the facets ? 
Down to the most minute star in that cluster, (h)wn to the 
smallest point of light which the great telescope could show, 
every object in the group was distinctly seen to twinkle right 
through the mass of Biola’s comet. 

This was an important observation. We must recollect that 
the veil drawn between the cluster and the telescope was not 
a thin curtain : it was a volume of conietary substance many 
thousands of ] idles in thickness. Contrast, then, the almost 
inconceivable tenuity of a comet with the clouds to which we 
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are accustomed. A cloud a few hundred feet thick will hide 
not only the stars, but even *the great sun himself. The 
lightest haze that ever floated in a summer sky would do 
more to screen the stars from our view than would one 
hundred thousand miles of such cometary material as was 
here interposed. 

The great comet of Donati passed over many stars which 
were visible distinctly through its tail. Among these stars was 
a very bright one — the well-known Arcturus. The comet, 
fortunately, happened to pass over Arcturus, and though 
nearly the densest part of the comet was interposed between 
th(j earth and the star, yet Arcturus twinkled on with un- 
diminished lustre through the thickness of this stupendous 
curtain. Ileoent observations have, however, shown that 
stars in some cases experience change in lustre when the 
denser ])art of the comet passes over them. It is, indeed, 
ditlicailt to imagine that a star would remain visible if the 
nucleus of a really large comet passed over it ; but it does 
not seem that au opportunity of testing this supposition has 
yet arisen. 

As a comet contains transparent gaseous material we might 
expect that the place of a star would be deranged when the 
comet approached it. The refractive power of air is very con- 
siderable. When we look at the sunset, we see the sun appear- 
ing to pass below the horizon; yet the sun has actually sunk 
beneath the horizon before any part of its disk appears to have 
commenced its descent. The refractive power of the air bends 
the luminous rays round and shows the sun, though it is 
directly screened by the intervening obstacles. The refractive 
power of the material of comets has been carefully tested. A 
comet has been observed to approach two stars ; one of which 
was seen through the comet, while the other could bo observed 
directly, if the body had any appreciable quantity of gas 
in its composition the relative places of the two stars would 
be altered. This question has been more than once sub- 
mitted to the test of actual measurement. It has some- 
times been found that no appreciable change of position 
could be detected, and that accordingly in such cases the 
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comet has no perceptible density. Careful ineasuremonts 
of the great comet in 1881 showed, however, that in the 
neighbourhood of the nucleus there was some refractive 
power, though quite insignificant in comparison with the 
refraction of our atmosphere. 

From these considerations it will probably be at oiu’e ad- 
mitted that the mass of a comet must be indeed a very small 
quantity in comparison with its bulk. When we attempt 
actually to weigh the cornet,^ our ettbrts have ])roved abortive. 
We have been able to weigh the mighty planets Jupiter and 
Saturn ; we have beiai even able to weigh the vast sun him- 
self; the law of gravitation has provided us with an elaborate 
weighing apparatus, which has been ap])lie(l in all these cases 
with success, but the same methods applied to comets are 
speedily seen to be illusory. No weighing inacdiinery known to 
the astronomer is delicate enough to determine the weight of 
a comet. All that we can accom])lish in any circumstances 
is to weigh one heavenly body in conqiarison with another. 
(k)mets seem to be almost imponderable when estimated by such 
robust masses as those of the earth, or any of the other great 
planets. Of course, it will be understood that wlien W(.‘ say 
the weight of a comet is inappreciable, we mca]i with regard 
t(^ the other bodies of our system. Perhaps no oia^ now 
doubts that a great comet must really weigli tons: though 
whether those tons arc to be reckoned in tens, in hundreds, 
in thousands, or in millions, the total seems quite insigni- 
ficant when compared with the weiglit of a body like the 
earth. 

The small mass of comets is also brouglit befon* us in 
a very striking way when we recall what lias been said 
in the last chapter on the important subje(d of the p'aiiet- 
ary perturbations. We have there treated of the ])er- 
mc%ionce of our system, and wo have shown that this 
permanence depends upon certain laws which the planetary 
motions must invariably fulfil. Tlie planets move nearly 
in circles, their orbits are all nearly in the same [)lane, and 
they all move in the same direction. The permanence 
of the system would be imperilled if any one of these 
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conditions was not fulfilled. In that discussion we made no 
allusion to the comets. Yet they are members of our system, 
and they fer outnumber the planets. The comets repudiate 
these rules of the road which the planets so rigorously obey. 
Their orbits are never like circles ; they are, indeed, more 
usually parabolic, and thus differ as widely as possible from 
the circular path. Nor do the planes of the orbits of comets 
atfetJt any particular aspect; they are inclined at all sorts of 
angles, and the directions in Avhich they move seem to be 
mere matters of cajiricc. All these articles of the planetary 
<u)nvention are violated by comets, but yet our system lasts ; 
it has lasted for countless ages, and seems destined to last for 
ages to come. The comets are attracted by the planets, and 
conversely, the comets must attract the planets, and must 
perturb their orbits to some extent ; but to what extent / If 
eoiiH'ls moved in orbits subject to the same general laws 
which characterise planetary motion, then our argument would 
break down. The planets might experience considerable 
derangements from cometary attraction, and yet in the lapse 
(►f time those disturbances would neutralise each other, and 
the permanence of the system would be unaffected. Hut the 
case is very diflerent when we deal with the actual cometaiy 
orbits. If comets could appreciably disturb planets, those 
disturbances would not neutralise each other, and in the lapse 
of time the system would be Avrecked by a continuous accumu- 
lation of irregularities. The facts, however, show that the 
system has lived, and is living, notAvithstanding comets; and 
h(‘neo we are forced to the conclusion that tlioir masses must 
be insigniticant in comparison Avith those of the great planetary 
bodii's. 

lliese considerations exhibit the laws of universal gravitation 
and their relations to the permanence of our system in a very 
striking liglit. If Ave include the comets, Ave may say that 
tlu‘ solar system includes many thousands of bodies, in orbits 
of all sizes, shapes,^ and positions, only agreeing in the face 
that the sun occupies a focus common to all. The majority 
of tliese bodies are imponderable in comparison with planets, 
and their orbits are placed anyhoAV, so that, although they 
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may suffer much from the perturbations of the other bodies, 
they can in no case inflict any appreciable disturbance. There 
are, however, a few great planets capable of producing vast 
disturbances; and if their orbits were not properly adjusted, 
chaos would sooner or later be the result. By the mutual 
adaptations of their orbits to a nearly circular form, to a 
nearly coincident plane, and to a uniformity of direction, a 
permanent truce has been eflected among the great planets. 
They cannot now permanently disorganise each other, while 
the slight mass of the comets renders them incompetent to 
do so. The stability of the great planets is thus assured ; but 
it is to be observed that there is no guarantee of stability 
for comets. Their eccentric and irregular paths may undergo 
the most enormous derangements ; indeed, the history of 
astronomy contains many instances of the vicissitudes to which 
a cometary career is exposed. 

(Jreat comets appear in the heavens in the most diverse 
circumstances. There is no j^art of the sky, no constellation 
or region, which is not liable to occasional visits from these 
mysterious bodies. There is no season of the year, no hour 
of the day or of the night when comets may not be seen 
above the horizon. In like manner, the size and as])ect of the 
comets are of every character, from the dim spot just visible 
to an eye fortified by a mighty telescope, up to a gigantic* and 
brilliant object, with a tail stretching across the heavens for a 
distance which is as far as from the horizon to the ziuiith. 
So also the direction of the tail of the comet seems at first, 
to admit of every ])ossible ])Osition: it may stand straight up 
ill the heavens, as if the comet were about to ])lunge below 
the horizon ; it may stream down from the head of the comet, 
as if the body had been shot up from below : it may slope 
to the right or to the left. Amid all this A^ariety and seeming 
caprice, can we discover any feature common to the dillerent 
phenomena? We shall lind that there is a very remarkable 
law which the tails of (!omets obey — a law so true and satis- 
factory, that if we are giA-en the place of a comet in the 
heavens, it is possible at once to point out in what direction 
the tail Avill lie. 
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A beautiful comet a])pears in simirner in tlie northern sky. 
It is near midnight; we are gazing on the faintly linninous 
tail, which stands up straight and points towards the zenith ; 
2 )erhaps it may be curved a little or possibly curved a good 
deal, but still, on the whole, it is directed from the horizon 
to the zenith. We arc not here referring to any particular 
comet. Every comet, large or small, that appears in the 
north must at midnight have its tail pointed up in a nearly 
vertical direction. This fact, which has been verified on 
niiuun’ous occasions, is a striking illustration of the law of 
direction of comets’ tails. Think for one moment of tlu^ 
facts of the case. It is summer; the twilight at the north 
shows the position of the sun, and the tail of the comet 
points directly away from the twilight and away from the 
sun. Take another case. It is evening; the sun has set, th(' 
stars have begun to shine, and a long-tailed comet is seen. 
Jjc! that (!omet be high or low, north or south, east or Avest, 
its tail invariably points airai/ from that point in the west. 
Avhere the departing sunlight still lingers. Again, a comet is 
watched in the early iiKU’iiing, and if the eye be moved from 
tin? place where tlie first streak of dawn is appearing to the 
head of the comet, then along that direction, streaming away 
from the sun, is found tlie tail of the comet. This law is of 
still more general application. At any season, at any hour ot 
the night, the tail of a comet, is directed away from the sun. 

More than thrc'C hundred years ago this fact in the move- 
ment ol comets arrested the attiaition of those who ])ondered on 
the movements of the heavenly bodies. Jt is a fact patent to 
ordinary observation, it gives .sonic (h'grcH' of consisUmey to the 
multitudinous phenomena of comets, and it must be ma.de the 
basis of our enquiru's into the structure of the tails. 

In the adjoining tigiir(\ Fig. 71, we show a portion of the 
pai*aholic orbit of a comet, and we also represent the position of 
the tail ot the comet at. various ])oints of its ])ath. It Avould he. 
perhaps, going too t^ir to as.sert that throughout the Avliole vast 
journey of the I'.omet. its tail must always he directed from the 
sun. In ihe first ])laee, it must he recollected that we can only 
see the comet during that small part of its journey when it i>s 
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approaching to or receding from the sun. Tt is also to bo 
remembered that, while actually passing round tlie sun, the 
brilliancy of the comet is so overpowered by the sun that the 
comet often becomes invisible, just as the stars are invisible in 
daylight. Indeed, in certain cases, jets of conietary material are 
actually projected towards the sun. 

In a hasty consideration of the subject, it might be thought 
that as the comet was dashing along with enonnoiis velocity 



Fig. 71. — Tail of a Comel directed from the Sun. 


the tail was merely streaming out behind, just as tli(‘ shower of 
sparks from a rocket are strewn along the ])atli which it follows. 
This would 1)0 an entirely erroneous analogy; the* eomi't is 
moving not through an atmosphere, but through o[)on space, 
where there is no medium sufficient to sweep tlie tail into the 
line of motion. Another very remarkable feature is the gradual 
growth of the tail as the comet approaches tlie sun. While the 
body is still at a gi*eat distance it has usually no per(-(‘])tiblc tail, 
hut as it draws in the tail gradually develo])s, and in some 
cases reaches stupendous dimensions. It is not to he supposed 
that this increase is a mere optical consequence of the 
diminution of distance. It can bo shown that the growth of the 
tail takes place much more rapidly than it would be ])ossihle to 
explain in this way. We are tlius led to connect the iormation 
of the tail with the approach to the sun, and we are accordingly 



364 


THE STORY OF THE HEAVENS. 


in the presence of an enigma without any analogy among the 
other bodies of our system. 

That tlic comet as a whole is attracted by the sun there 
can be no doubt whatever. The fact that the comet moves 
in an ellipse or in a parabola proves that the two bodies act 
and react on each other in obedience to the law of universal 
gravitation. But while this is true of the comet as a whole, 
it is no less certain that the tail of the comet is repelled by 
the sun. It is impossible to speak Avith certainty as to hoAv 
this comes about, but the facts of the case seem to point to 
an explanation of the following kind. 

Wo have seen that the spectroscope has proved with cer- 
tainty the presence of hydrocarbon and other gases in comets. 
But Ave are not to conclude, from this that comets are merely 
masses of gas moving through s])ace. Though the total 
quantity of matter in a comet, as avc have seen, is exceedingly 
small, it is quite possible that the comet may consist of a 
number ot* widely scattered particles of appreciable density; 
indeed, we shall see in the next chapter, Avhen describing the 
remarkable relationship betAveen comets and meteors, that Ave 
have reason to believe this to bo (he case. We may there- 
fore look on a comet as a swarm of tiny solid particles, each 
surrounded by gas. 

Wdien Ave Avatch a great comet approaching the sun tb.c 
nucleus is first seen to become brighter and more clearly 
defined : at a later stage luminous matter a[)pears to be pro- 
jected frenn it toAvards the sun, often in the shape of a fan 
or a jet, Avhich sometimes oscillates to and fro like a pendulum. 
In the head of Halley's comet, for instance, Bessel observed 
in ()ctol)er, l(S;35, that the jet in the course of eight hours 
swung througli an angle of 36'^. On other occasions concentric 
arcs of light are formed round the nucleus, one after another, 
getting fainter as they travel further from the nucleus. 
Evidently the material of the fan or the arcs is repelled by 
the nucleus of tliQ comet; but it is also repelled by the sun, 
and this latter repulsive force compels the luminous matter 
to overcome the attraction of gravitation, and to turn back 
all round the nucleus in the direction away from the sun. In 
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this manner the tail is formed. (See Plate XIL) The mathe- 
matical theory of the formation of comets’ tails has been 
developed on the assumj)tion that the matter which forms the 
Uiil is repelled both by the nucleus and by the sun. This 
investigation was first undertaken by the great astronomer 
Bessel, in his memoir on the appearance of Halley’s comet 
in 1885, and it has since been considerably developed by 
Roche and the Russian astronomer Breiiichiii. Though we 
are, perhaps, hardly in a position to accept this tlicoiy as 
al)solutely true, wc can assert that it a(a‘Ounts well toi- tlic 
principal plienonieiia observed in the formation of comets’ 
tails. 

Professor Bredichin has comlucted his labours in the 
philoso[)hieal manner which has led to many other great 
discoveries in science. He has carefully collated the measure- 
ments and drawings of the tails of various comets. One 
result has been obtained frofu this preliminary part of his 
eiKjuiry, which jiossesses a value that cannot be atlected even 
if the ulterior portion of his labours should be found to require 
(pialitication. In tlu^ examination of the various tails, ho 
observed that the curvilinear shapes of the outlines fall into 
one or other of three special ty])es. In the first wc have the 
straightest tails, which point almost (^lirectly away from the 
sun. In the second arc classed tails which, after starting away 
from the sun, are curved backwards from the direction towards 
Avhich the comet is moving. In the third we find the 
appendage still more curved in towards the comet’s path. It 
can be shown that the tails of comets can almost invariably 
be identified with one or other of these three types; and in 
cases Avhere the comet exhibits two tails, as has sometimes 
happened, then they will be found to belong to two of the 
types. 

The adjoining diagram (Fig. 72) gives a sketch of an ima- 
ginary comet furnished with tails of the three different types. 
The direction in which the comet is moving is shown by the 
arrow-head on the line passing through the nucleus. Bredichin 
concludes that the straightest of the three tails, marked as 
Type I., is most probably due to the element hydrogen; the 
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tails of the second form are due to the presence of some of 
the hydrocarbons in the body of the comet ; Avhile the small 
tails of the third type may be due to iron or to some other 
clement with a high atomic weight. It will, of course, be 
uiulerstood that this diagram does not represent any actual 
comet. 

An interesting illustration of this theory is afforded in 



tlie case of the celebrated comet of 1858 already referred to, 
of which a drawing is shown in Fig. 73. We find hero, besides 
the great tail, which is the characteristic feature of the body, 
tAvo other faint streaks of light. These are the edges of the 
holloAv cone which forms a tail of Typo 1. When we look 
tlirough the central regions it will be easily understood that 
the light is not sufficiently intense* to be visible; at the edges, 
however, a sufficient thickness of the cometary matter is pre- 
sented, and thus Ave have the appearance shown in this figure. 
It Avoidd seem that Donates comet possessed one tail due to 
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hydrogen, and another due to some of the compounds of 
carbon. The carbon compounds involved appear to be ot 
considerable variety, and there is, in consequence, a disposition 
in the tails of the second ty[)e to a more indefinite outline 
than in tlie hydrogen tails. Cases have been recorded in 
which several tails have been seen simultaneously on the same 
comet. The most celebrated of these is that which appeared 
in the year 1744. Professor Bredichin has devoted special 



Fig. 73.— Tails of the Comet of 1.S5S. 


attention to the theory of tliis marvellous object, and he has 
shown with a high degree of probability how the multilorm 
tail could be accounted for. The adjoining figure (Fig. 74) is 
from a sketch of this object made on the morning of the / th 
March by Mademoiselle Kirch at the Berlin Observatory. The 
figure shows eleven streaks, of Avhich the first ten (countmg 
from the left) represent the bright edges of five of the tails, 
while the sixth and shortest tail is at the extreme right. 
Sketches of this rare phenomenon were also made by 
Cheseaux at Lausanne and Be LTsle at St. Petersburg. 
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l^efore the perihelion passage the comet had only had one 
tail, but a very splendid one. 

It is possible to submit some of the (piestions involved to 
the test of calculation, and it can be shown that the repulsive 
force adequate to produce the straight tail of Type T. need 
only be about twelve times as largo as the attraction of gravi- 
tatioii. Tails^ of the second type could be produced by a 



repulsive force which was about e(|ual to gravitation, while 
tails of the third type would only require a repulsive force 
about one-quarter the power of gravitation.* The chiet re- 
pulsive lorce known in nature is derived from electricity, and 
it has naturally been surmised that the phenomena of comets’ 

* The three numbers 12, 1, and \ are nearly inversely proportiDnal to the 
atojiiie wei»;hts of hydrogen, hydiocjirbon gas, and iron vapour, and it 
for tin's ror.SMii that lirediehin suggested ihe above-monti<ui(*d composition of tin* 
various ty])es of tail. Spectroscopic evidence of the priseiice of hydrogen is yet 
wanting. 
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tails are due to the electric condition of the sun and of the 
C(jmct. It would be premature to assert that the electric 
characiter of the comet’s tail lias been absolutely demonstrated ; 
all that can be said is that, as it seems to account for the 
obscrvinl facts, it would be undesirable to introduce souci 
mere hypothetical repulsive force. It must bo rememben'd 
that on quite other grounds it is known that the sun is the 
seat, of electric phenomena. 

As the comet gradually reiicdes from the sun the repulsive 
force becomes weaker, and accordingly we lind that the tail 
of the comet declines. If the comet be a periodic one, the 
same series of changes may take place at its next return to 
perihelion. A new tail is formed, which also gradually dis- 
appears as the conu^t regains th(‘ depths of spacu?. if wo 
may employ the analogy of terrestrial vapours to guide us in 
our reasoning, then it would seem that, as the comet retreats, 
its tail would condenses into myriads of .small particles. Over 
these small partiedos the law of gravitation w(nild resume its 
undivided sway, no longer obscured hy the superior elliciciiey 
of the repulsion. The naiss of the comet is, howeveu*, so 
extremely small that it would not be able to recall th(‘se 
])articles by the mere force oC attraction. It follows that, 
as the comet at each perihelion passage makes ii tail, it must 
on each occasion expend a corresponding (juaiitity of tail- 
making material. Let us suppose that the comet was 
endowed in the begiiiniug with a c(‘rtaiii capital of tlio.se ])ar- 
tieular materials whicdi arc adapted for tlu; production o! tails. 
Each perihelion passMgij occasions tluj formation of a tail, and 
th(j expendituni of a corresponding amoimt of the capital. It is 
obvious that this operation cannot go on iiidetiniu^ly. In the 
case of the great majority of (comets the visits to ])erih('lion 
arc so extremely rare tliat the cons(‘quences of tJio exti’ava- 
gance are ]iot very apparent ; but to those ])(a’iodi(j comets 
which have short periods and mak(^ frecpient njturiis, the con- 
secpienccs are precisely what miglit liavii been anticijiatcd : 
the tail-making capital has been gradually s([uandered, and 
thus at length we have the spectacle of a (cornet without any 
tail at all. We can even conceive that a comet may in this 
y 
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manner be e()in])lctx‘ly dissipatcMl, and we shall see in the 
next cha])t<H‘ how this late seems to have overtaken Biela's 
j)eri()di(*. (tomet. 

But as it sweeps tlirongh the solar system the (iomct may 
clian('.(5 to ])ass v(Ty ncjn' (Hie of the larij^cr [)lan(its, and, in 
j)MSsinLr, its motion may l)e seriously disturbed by iho 
attra<‘tiou of tlio plaiu^t. If the veha-ity of the eomet is 
aitceloratc'd by this disturlani;* inlliKau'c, the orbit will be 
('-luuiiL^nMl lV()7u a ])arabola into another eui’vo known as a 
liyjx'rbola, and th(^ eouK^t will swin^‘ round the siin and pass 
away nexaa* to return. But. if the ])lanet is so situated 
as to rc'tard the vc'loeity of th(‘. conn't, the paral)oli(‘. orbit 
will b(‘ (‘baiit^’ed into an eHi))se, and the (tomet will be(M)me 
a, pciriodic one. ('an Iiardly doubt that some ])eri()die. 

eom(‘ts have b(‘('n “ eaptuix'd” in this manner and thereby 
niad(‘ periuaiK'nt nuaulnn’s of our solar sysbuu, if w(7 
I’cMuark that th(‘ (‘om(‘ts of short periods (from thr(‘e to (‘iitht 
years) eona^ very near t.la^ orbit, of Ju])iter at some ])oint 
or oth('r of th(‘ir ])atbs. Kach of them must, tli(.Telbre, have 
be(ai neai' the m'iant planet at somi^ moment durini»' tlu'ir past 
histoiT. Similai'ly th(‘. otlua* p(‘riodi(‘- eoniets of longer ])«‘riod 
a])proaeh near to th(^ orbits of (‘ithor Saturn, i’ranus, or 
N(‘])tun(‘, \ ho. last,-niention('d plaiu't. bcani;' probably r(.‘s])onsibl() 
for the periodieity of llalK'y’s (tomet. \\(‘ have, inde(Ml, on 
more than oiu^ oeeasion, a('tually witnessed tlie violent dis- 
tiu’baiK'c' of a ('(aiietary oi’bit. Tlu3 m(.>st intiaust in^’ ease is 
that of Ix'xelbs eomet. In 1770 the Kr(3neh astronomer 
IMessier (who devoti'd himself with success to tin', dis- 

('ov(‘ry of ('onu'ts) detected a comet for whiedi Lcx(‘ll (*o]uput(‘d 
th(5 orbit, and l(.)und an ellipse with a period of five years and 
some months. ’ib't the ('omet had never been .s(X‘n before, 
nor did it evia* (jome back again. Bong aften-wards it was 
found, from most laborious investigations by Burckhardt and 
B(' Verriia’, that the c-oiuct had moved in a totally diherent 
orbit previous to IThT. But at the beginning of the year 
I7()7 it hapiamed to (.'ome so close to Jupiter that the power- 
ful attrartion of this planet fon^.ed it into a n(3w orbit, with 
a perio«l of five and a half years. It passed the perihelion 
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on the 13th Aiiijjust, 1770, and ai^ain in 1770, hut in tlic 
latt(‘r year it was not convenii'iitly situated tor hein^:** s(ien 
from the earth. In th(‘. sinnnier ot* 1779 tlie (‘oiuel was 
again in the neiglibonrhood of Jupiter, and was thrown out 
of its elliptic, orbit, so that we hav'o iH‘V(‘r s('(‘n it, siiK'.e, or, 
perlia])S, it would bo safer to say that W(* liav(^ not with eia*- 
tainty idi'iititied Lexch’s comet with any ('omet, ohs(n‘V(Hl 
since then. We are also, in tlu^ cast* of s(iV('ral (U,hcr 
periodic, comets, able to fix in a similar way tin' dat(' when 
they started on their journ(‘ys in tluar |)res(‘.nt elliptic*, orbits. 

Such is a brief outline of t.lu* ])rinc.ipal tads known with 
regard to theses interesting but ]HTplcxing bodies. We must 
be contcait with the recital of Avhat we know, I’athc'i* than 
hazard guesses about matters h(‘yond our r(‘ach. \\c sec^ 
that they are obedient to the grc'at laws of gra v ital ion, and 
afford a striking illustration of tlnh* truth. We have* seen 
how modc'rn scfnaic'c has (lissi[)at('d the* superstit ion with which, 
in c‘arlicu’ ages, the; advcait of a c;omc;t, was rc‘garclc‘d. We no 
longer regard such a body as a sign of impcaiding cakunity ; 
we may rather look u])on it as an interesting and a l^eautifuL 
v'isitor, whic*h c'omes to ph'ase us and to instruct us. but never 
to threaten or to destroy. 
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Small of oiir System Their Xiimhers — How they are Ob'jorvod— The 

Shoot ill”: Star -'The 'rheory of n»;at— A (.{-reat Shootiri”; Star — The Xovcnihi'r 
Meteors- 'Their Ancient History — 'I’he Route followaai h\ the Slioal — Diatfram 
of tlu‘ Shoal of Meteors — How the Shoal hia omes Spread out alori”: its Path - 
Ahsorjition of Meteors hy tlie K.arth — Tin* Discovery of tlie liehitioii hetwet n 
l\Iet('ors and ( 'omet^— 'I'lie Ihunarkahle Iiivestii-ations eoiKau-niii”- the Xoveinher 
Meteors- -'Tnn o Showers in Succ<‘ssive \ (;ars — No Particles liave ever he(‘n 
lilentifiiid from tluiHreat Shootiri”; Star Sliowors -Metiaiiie, Stones — (’hladni’s 
Pesivarches- I^arly ( 'asi‘s of Stonefalls -'I’he Mcteoriteat Miisisheim — (lollections 
f)f Meteoriti's - -'I’he Uowton Sideiiti* — Relative Freipuuiey of Iron and Stony 
Met eoi ites— Fragment ai-y < ’hai’acler of IMctoorites — Tscliermak’s Hypotlu'^is - 
Filh'cts of (Iravitation on a Mi^sile eji'cted from a \'olcaiio Can they ha\a‘ 
come from tire Moon: — 'The Claims of t lie Alinor Planets to the Parimtage of 
Meteorites Possible Terrestrial Ori”iri -'Tin- Ovifak Iron. 

In Ulo preceding’ (ditijitcrs we havt' (Kuill. willi tlio 
bo(llt‘s wliit'li Ibrni iho (‘.liird’ ol)j(‘(3ls in wlitit wo know tis tlie 
sohtr systoni. Wo have studied niiiL^dity ])laiiots nKuisiirini*’ 
thousands of niik^s in dituncter, and wo htivc followvd tlio 
niovenunits of ('onads whost^ diniensions are ofttai to be told 
by millions of miles. ()ne(‘, indeed, in :i ])reviniis cha])ter 
we have imah’ a (h'seent to objects mneh lower in the scale 
of maLfiiitude, and W(^ htive examined that nnmeruns class of 
small bodies which call tlie minor planets. It is now, 
however, our duty to make a still further, and this time a 
vtu’v loni;’ ste[), downwards in the scale of ma,<i;'nitndc. Even 
li\(‘ minor ]>lan(‘ts must bo reefardt'd as colossal objects when 
compared with those little bodies whose presence is revealed 
to ns in an intiu'cstinijf and sometimes in a strikin<j^ manner. 

Vhesi' simdl bodies (joinpensate in some degree for tlu'ir 
minute size by the profusion in which they exist. Xo attempt 
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indeed, could be made to tell in timircs the myriads in wliieh 
they swarm tlirouglioiit spa(‘c. They arc i^robably ot* very 
varied dimensions, some of tliem beini»‘ many pounds or perliaps 
tons in wei^t^bt, while others seem to be not larger than pebbles, 
or even than grains of sand. Yet, insignitieaiit as these 
bodies may seem, the sun docs not disdain to umhirtake tluar 
control. Kach particle, Avhelher it be as small as the mote 
in a sunbeam or as mighty as the planet Jupiter, must jK^r- 
fonic irace out its path around the sun in (touformity with 
the laws of Kepler. 

AVho does not know that beautiful occurrence which Ave 
call a shooting star, or AvhicJi, in its more splendid forms, is 
sometimes called a mctc'or or tircball ^ It is to objects of 
this (Jass that we are now to direc^t our attention. 

A small body is moving round t.he sun. Just as a mighty 
planet revolves in an ellipse, so even a small objeeJ. will bo 
guid('d round and round in an ellipsis with th('- sun in the 
barns. There are, at the present monuait, inconceivable 
myriads of such meteors moving in this manner. They are 
too small and too distant for our tel(^sco|H's, and we never 
see them except under extraordinary ciiaaimstamu's. 

When the meteor Hashes into view it is moving with 
such enormous velocity that it often travers('s mori^ than 
tAventy miles in a second of thne. Such a vchxhy is ahnost 
im])()ssible near the earth’s surface: the resistance of the air 
would ])revent- it. Aloft, in the emptiness of spac(^ there is 
no air to impede its flight. It may have been moving round 
and round the sun for thousands, perhaps for millions of 
y(‘ars, without sulfcring any int(‘rf(Tenc(j ; but; th(i supreme 
moment ari'ives, and the nuiteor ])erishes in a streak of 
splendour. 

In the course of its Avand(‘rings the body comes near the 
earth, and Avithin a few hundred miles of its surface begins 
to encounter tin; upper surface of tbe atmospbere Avith which 
the earth is enclosed. To a body moving Avith the appalling 
velocity of a meteor, a plunge into the atinospbere is usually 
fatal. Kven though the u])per layers of air ar(^ exf^cssively 
attenuated, yet they suddenly check the velocity almost as a 
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riHo bullet would be cherdeed when tired into water. As the 
meteor rushes tliroui^li the atmosphere the friction of the 
air warms its surfaitc ; i^radually it becomes red-hot, then 
white-hot, and is finally driven ort‘ into vapour with a brilliant 
light, whil(5 wo on th(‘ earth, one or two liimdred miles below, 
exclaim: “Oh, look, there is a shooting star!” 

VV(^ hav(^ h(‘re an experiment illustrating the mechanical 
tla'ory of heat. Tt. may se(Mn incredible that mere friction 
should h(‘ sullieient to generate luait enough to produce so 
brilliant ji display, but w(? must re(a)llect two facts: iirst, that 
the vadocity of tlie meteor is, perhaps, one hundred times that 
of a rifle l)ullet; and, second, that tlui (jfiiciency of friction in 
(leva doping h(‘at is pro])ortional to the stpiare of the velocity. 
The met(‘or in jaissing through the air may fherefore develop 
by tin'- friction ol‘ the air about tcai thousand times as imudi 
hi‘at as the rifle bullet. We do not make an exaggerated 
(‘stimate in su])posing that the latter missihj Ixaaanes heated 
ten d(\gre('S by fra 't ion ; yet if this be admitUal, we must, 
grant that then^ is siudi an enormous dev'elopnumt of heat 
attending th(‘. flight, of the mel(‘or that even a fraction of it 
\va.)uld be sullicdent, to driva^ tdu^ object, into vapour. 

Let us Iirst, ('onsider the circumstancajs in which thes(' 
(external bodies aia^ manifested to us, and, for the sake of 
illustration, wc; may take a remarkable fireball which occurred 
on XovemlxT (Jth, LSbf). This body was seen from many 
different pkua.'s in Knglaiid : and by combining and comparing 
these observations, we obt,ain accurate information as to the 
h(dght of the object and the velocity with whkdi it travelled. 

It a]^[)oars that this meteor commoTiced to be visible at a 
])oint ninety miles above Fromc, in Somersetshire, and that it 
va,nish(‘d twenty-seven miles over the sea, near St. Ives, in 
Cornwall. Tlu', path of the body, and the principal localities 
from which it, was ob.serv'cd, arc shown in the map (Fig. 75). 
The whole length of its visible ca^urse was about 170 miles, 
whicdi was ]>erforiucd in a period of five seconds, thus giving an 
average \’clo(dty of thirty-four miles per second. A remarkabk^ 
featuixi in the appearance which this fireball presented was 
the long pt'rsislent streak of luminous cloud, about fifty miles 
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lon<( and four inilos wide, which remained in si|L»ht, lor 1‘ully 
lifty minutes. Wc have in this example an illustration of the 
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chief ‘i’eatures of the phenomena of a sliootinj^ star presented 
on a very i;-rand scal(\ Tt is, however, to he observed that 
the persistent luminous streak is not a universal, nor, indeed, 
a very common cliaraciteristic of a shootin<^ star. 
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The small objects which occasionally flash across the field 
of the telescope show us that there are innumerable telescopic 
shooting stars, too small and too faint to bo visible to the un- 
aided eye. These objects are all dissipated in the way we have 
dcs(U’ibcd ; it is, in fact, only at the moment, and during the 
process of their dissolution, that wo become aware of their 
(ixistence. Small as these missiles probably are, their velocity 
is so prodigious that they would render the earth uninhabit- 
able were they 2 )ermitted to rain down unimpeded on its 
surface. We must, therefore, among the other good offices 
of our atmosphere, not forget that it constitutes a kindly 
screen, whicli shields us from a tempest of missiles, the velocity 
of which no artillery could equal. It is, in fact, the very 
1‘ury of these missiles which is the cause of their utter de- 
struction. Their anxiety to strike us is so great that friction 
dissolves them into harmless vapour. 

Next to a grand meteor such as that we have just de- 
scribed, the most striking display in connection with shooting 
stars is what is known as a shower. These phenomena have 
attracted a great deal of attention within the last century, 
and they have abundantly rewarded the labour devoted to 
them by affording some of the most interesting astronomical 
discoveries of modern times. 

(jreat showers of shooting stai’s do not occur very frequently. 
No doubt the (piickened perception of those who especially 
attend to meteors will detect a shower when others see only 
a few straggling shooting stars; l)ut, speaking generally, we 
may say that the present generation can hardly have 
witnessed more than two or three such occurrences. I 
have myself seen two great showers. One of which, in 
November, 1800, has impressed itself on my memory as a 
glorious spectacle. 

To commence the history of the November meteors it is 
necessary to look back for nearly a thousand years. On the 
12th of October, in the year 902, occurred the death* of a 
Moorish king, and’ in connection with this event an old 
chronicler relates how “ that night there were seen, as it 
were lances, an infinite number of stars, which scattered 
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themselves like rain to right and loft, and that year was 
called the Year of the Stars.” 

No one now believes that the heavens intended to eorn- 
inemorate the death of the king by that display. The record 
is, however, of considerable importance, for it indicates the year 
902 as one in which a great shower of shooting stars occurred. 
It was with the greatest interest astronomers perceived that 
this was the first recorded instaiKiO of that periodical shower, 
the last of whose regular returns were seen in 1790, 1833, 
and 1866. Further diligent literary research has revealed here 
and there records of startling a})pcaranccs in the lieavens, 
which fit in with successive returns of the November meteors. 
From the first instance, in 902, to the present day there have 
been twenty-nine visits of the shower; and it is not unlikely 
that these may have all been seen in some parts of the earth. 
Sometimes they may have been witnessed by savages, who 
had neither the inclination nor the means to place on record 
an apparition which to them was a source of tc'rror. Some- 
times, however, these showers were observed by civilised 
communities. Their nature was not understood, but the 
records were made ; and in some cases, at all events, these 
records have withstood the corrosion of time, and have now 
been brought together to illustrate this curious subject. We 
have altogether historical notices of twelve of these sliowcrs, 
collected mainly by the industry of Froh'ssor H. A. Newton 
whose labours have contributed so much to the advancement 
of our knowledge of shooting stars. 

Let us imagine a swarm of small objects roaming through 
space. Think of a shoal of herrings in the ocean, extending 
over many square miles, and containing countless myriarls 
of individuals ; or think of those enormous Hocks of wild 
pigeons in the United States of which Audubon has told us. 
The shoal of shooting stars is perhaps much more numerous 
than the herrings or the pigeons. The shooting stars are, 
however, not very close together; they are, on an average, 
probably some few miles apart. The actual bulk of the 
shoal is therefore prodigious; and its dimensions are to be 
measured by hundreds of thousands of miles. 
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The meteors caiinol choose their own truck, like the shoal 
of* lierrin^(s, for they are (jonipelled to follow the route whicli 
is |)res(a-il)(;(l to them by the sun. Kiwli one pursues its own 
ellipse in complete independence of its nei<(hbours, and ac- 
com])lishes its jounuiy, thousands of millions of miles in 
len<»th, every thirty-three years. We cannot observe the 
iiHaeors (lurin,!^ th(^ <»-reatcr part of their fli<>-ht. There are 
countless myriads of tlu^se bodies at this very moment cours- 



iiii^’ round tlu'ir path. We never see them till the earth 
ca(ch(‘s tlujiii. Kvi'ry thirty-three years the earth makes a 
haul of these meteors just as successtiilly as the tisherinan 
amone^ the herriuL's, and in much the same way, for while the 
llslu‘rman s])reads his net in which the fishes meet their doom, 
so th(^ earth has an atmosphere wherein the meteors perish. 
W(‘ are told that there is no fear of the lujrrings becomine!’ 
exhausted, for those the tlshermeii catch are as nothintt com- 
])ared to the profusion in wliich they abound in ocean. Wo 
may say the saiuQ with rce^ard to the meteors. They exist in 
such inyriads, that ihouith tlie earth swallows up millions 
every thirt\'-thr('e years, plenty are left for future showers. 
The diagram (Fig. 7()) will explain the way in which the 
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earth makes her eapturos. Wo there sec the orbit in wlii(‘li 
our globe moves around the sun, as w('ll as tlu; (elliptic; ])ath 
of the meteors, though it should be remarked that it is not 
eonvenient to draw the tigun^ exacitly to s<‘ale, so lliat the path 
of the meteors is relatively nuu'-h larger than liei-e represented. 
Once each year the earth completes its revolution, and betwinai 
th(' blth and the Ibth of Mov'canber crossc's the track in 
wlu(‘h the meteors mov(‘. Tt will usually happen that the 
great shoal is not at this point when the (sirth is passing. 
There are, however, some stragglers all along the ])ath, and 
the earth generally (patches a few of th(\S(^ at this date. They 
dart into our atmosphere as shooting stars, and Ibrm what we 
usually sp('ak of a.s the Novembc'r m(^t(‘ors. 

It will occasionally happen that whcai the (‘arth is in the 
act of crossing the track it enc-ount(a-s the bulk of tla; meteors. 
Through the shoal our globe tlnai ])lung(‘s, envelo])ed, of 
course, with the surrounding coat of air. Into this net. the 
meteors dash in countless myriads, novel* agjiin to emerge. 
In a few hours' time, the (‘arth, moving at thi' rate of eight (‘on 
miles a se(!ond, has e.rossed the tra<*k and (‘merg(.‘s on tins 
other sid(\ bearing with it the spoils of tin; (nu'-ounter. Sonu^ 
few nuT(‘ors, which have only ifarrowly ('scaped ('a])tur(\ will 
h(ai('etorth bear evid(‘n(ie of the fray by moving in slightly 
diherent orhits, but tlu^ nanaining m(‘t(‘ors o(‘ the shoal 
continue their journey without interru])tion ; pca-liaps millions 
have been taken, but probably hundreds of millions have 
been left. 

Such was the occurrence which astonishi'd the world on 
the night between NovembcT i:ith and L4th, We then 

plunged into the middle of the shoal. T1 h‘ night was tine; the 
moon Avas absent. The meteors were distingiiislied not only by 
their enormous multitude, but by their intrinsic, magnitieiaK'e. 
1 shall never forget that night. On th(3 nu^morahle (iveiiing 
1 Avas engaged in my usual duty at tliat. tinui of obsi'rving 
ncbiilaj Avith Lord Losses great reflecting tehjseope. T was 
of course aAvare that a shoAver of nu'teors had been predicted, 
but nothing that .1 had lieard prejiared nai for the spkaidid 
spectacle so soon to be unfolded. It Avas about ten o’clock 
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at when an exelaination from an attendant by my side 

made me look np IVom the telescope, jnst in time to se(^ a 
lino meteor dash a(;ross the sky. It was presently followed 
hy anotlier, and then ai^^ain by more in twos and in threes, 
which show(‘d that the prediction of a ii^reat shower was likely 
to Ixi veritied. At this time the Karl of Rosse (tlnai Lorfl 
Oxmantown) joined me at the telesco])e, and, after a brief 
interval, wc decaded to cease oiir observations of the nehnhe 
and ascend to the top of the wall of thti great telesc.ope 
(Fig. 7, ]). 18), wlu'nce a (dear view of the whole hemisphere 
of the lusivens could be obtained. There, hn* the m‘xt< two 
or tlir<‘e hours, wc witnessed a specttacle which can lu^ver fad(3 
from my memory, ddie shooting stars gradually iiKTcasiid 
in number until sometimes s(5V(n*al were seen at one.e. Some- 
times they swept over our h(.*ads, sometimes to the right, 
sometimes to the left, hut they all diverged from the east. 
As the night. Avore on, the (tonsUdlation Leo as('ended above 
th(^ horizon, and then the nauarkable charac^Ua* of the showia* 
was disclosed. All th(^ traidvs of the meteors radiated from 
Leo. (SVe Fig. 87, p. 4*10.) Sometimes a meteor ap])eared to 
conu* almost direc'tly towards us, and then its path was so 
foreshortened that it had hardly any apprecdable hmgth, and 
looked like an ordinary lixed star swelling into brilliamty and 
tlu'ii as rayndly vanishing. Occasionally luminous trains Avould 
linger on for many minutes after the meteor had flash('d 
across, but the great majority of the trains in this shower 
were (*vaiu'scent. It Avould be impossible to say how many 
thousands of meteors Avere S(^on, ('ach (mo of Avhich Avas bright 
('uough to have ('licit ed a note of admiration on any ordinary 
night.. 

The adjoining tlgun* (Fig. 77) sIioaa^s the remarkabh' manner 
in Avhi(L the shooting stars of this shoAvc'r diverged from a 
])oint. It. is not to ho supp(^sed that all thcise objects Acere 
in view at the same momi'iit. The obscTver ol’ a shoAver is 
provided Avith a juap of that part of the heavens in Avhich 
the shooting stars app('ar. He then fixes his attention on 
on(‘. ])art,i('ular shooting star, and (Absorves carefully its track 
witli respect to the fixed stars in its vicinity. He then draAVS 
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a lino upon his map in tlio direction in which the sliootinii,^ 
star moved. Re])('atmi»- tlie same observation for s(5veral otlier 
s]R)otin<,»: stars belonu^ing to the shower, his map will hardly 
tail to show that their different tracks almost all tend from 
one point or region of the tigiin^. Tlu're are, it is true, a, 
i\)\v erratic ones, but tlie majority observe this law. It certainly 
looks, at lirst sight, as if all the shooting stars did actually 
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dart from this ])oint ; but a. little reflection will show that 
tliis is a eas(j in which the real motion is difterent fn»m tlu^ 
apparent. Tf there actually W(‘re a point from which these 
meU'ors diverged^ then from different ])arts of the ('arth the 
point would be seen in different positions with respe(*.t to the 
tixed stars; hut this is not thc^ casci. fflie radiant, as this 
point is called, is seen in the same part of tlie heavens from 
whatever station the sliower is visible. 

We are, thendbre, led to accept the simpler explanation 
afforded by the tlu'ory of perspective. ffhosfi who are 
acquainted with thci principle's of this seaence know that 
when a number of parallel lines in an object have to bo repre- 
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scnted in a drawing, they must all be made to pass through 
the same point in the plane of the picture. When we arc 
looking at the sliooting stars, we see the projections of their 
paths upon the surface of the heavens. From the fact that 
those paths pass through the same point, we arc to infer 
that the slujoting stars belonging to the same showca* are 
moving in ])arallel lines. 

W(i are now able to asetertain the actual dirc^ction in which 
the shooting stars arc moving, because a line drawn from the 
eye of the observer to the radiant point must be j^arallel to 
that direction. Of course, it is not intended to convey the 
idea that througliout all space the shooting stars of one 
shower a.r(‘- moving in parallel lines ; all we mean is that 
during the short time in which we see them the motion of 
eacli of the shooting sl,ars is sensibly a straight line, and that 
all th(‘se. straight liiK's are parallel. 

Tn the year 1S83 the great meteor shoal of the Leonids 
(for so this shower is called) attained its greatest distance 
from the sim, and then ccunmonced to return. Each year 
the earth approaclied the orbit of the meteors ; but the shoal was 
not met with, and no noteworthy shower of stars was perceived. 
Every succeeding year found the meteors nearing the critical 
point, and the year LSI)!) brought the shoal close to the earth’s 
track, though apparently it did not on this occasion actually 
cross the eartli’s track as in I80(i. The shoal of meteors^ is of 
su(‘h enormous length that it takes more than a year for the 
mighty ju’ocession to ]>ass through the (‘ritical portion of its orbit 
Avhi(di lies across the track of the earth. We thus see that the 
meteors cannot escape the earth. It may be that Avhen the 
shoal Ix'gins to reach this neighbourhood the earth Avill have 
just left this part of its path, and a year Avill have elapsed 
before the earth gets round again. Those meteors that have 
the good fortune to bo in the front of the shoal Avill thus escape 
th(^ m^t, but some of those behind Avill not be so fortunate, 
and the earth Avill again devour an incredible host. It has 
sometimes happbned that casts into the shoal ha\'e b(‘en 
obtained in tAvo co7)sccutive years. If the earth happened 
to pass through the front part in one year, then the shoal 
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is so long that the earth will have moved right round its 
orbit of 600,000,000 miles, and will again dash through the 
eriti(3al spot before the entire number have passed. History 
contains records of cases when, in two consecutive Novembers, 
brilliant showers of L(X)nids have been seen. 

As the earth eonsumes such myriads of Leonids each 
thirty-three years, it follows that the total number must be 
decreasing. The splendour of the showers in future ages will, 
no doubt, be aftccted by tliis cirramistance. They (Cannot be 
always so bright as they have been. It is also of intei'cst 
to notice that the sliaj^e of the shoal is gradually (dianging. 
Lach meteor of the shoal moves in its own ellipse round 
the sun, and is quite independent of the rest of tlu'so bodies. 
Each one has thus a special period of revolutioTi which 
depends upon the length of the ellipse in Avhich it happens 
to revolve. Two meteors will move around the sun in the 
same time if the lengths of their ellipses are exactly e(|ual, 
but not otherwise. The lengths of these ellipses are many 
hundreds of millions of miles, and it is impossible that they 
can be all absolutely equal. In this may be detected the 
origin of a gradual change in the (diaracter of the sliowcr. 
Suppose two meteors A amj \l be such that A travels com- 
pletely round in thirty-three years, while J> takes thirt}^-four 
years. If the two start together, then when A has finished 
the first round 1^ will be a year behind ; the next time B 
will be two years behind, and so on. The case is exactly 
parallel to that of a number of boys wlio start i’or a long race, 
in which they have to run several times round the course 
before the distance has been accomplished. At lirst they all 
start in a cluster, and perhaps for the first round or two 
they may remain in comparative proximity; gradually, how- 
ever, the faster runners get ahead and the slower c)nes lag 
behind, so the cluster becomes elongated. As the race 
continues, the cluster becomes dispersed around the entire 
course; and perhaps the first boy Avill even overtake the 
last. Such seems the destiny of the November meteors 
in future ages. The cluster will in time to come be spread 
out around the whole of this mighty track, and no longer 
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will a superb display have to be recorded every thirty-three 
years. 

It was in connection with the shower of November meteors 
in 1<SG() tliat a very iiitcrcstiniy and beautiful discovery in 
mathematical astronomy was made b}^ Professor Adams. Wi* 
have seen that the Leonids must move in an elliptic path, 
and that they often return in thirty-three years, but the tele- 
scope cannot follow them during their wanderings. All that 
we know by observation is the date of their occurrence, the 
point of the heavens from wliich they radiate, and l.ho great 
succ'cssion of thirty-three years. Putting these various facts 
together, it is possible to determine the ellipse in which the 
meteors move — not e.xactly: the kicts do not go so fai* — they 
only tell us that tlie ellipse must bo one of five possibhj 
orbits. Tiiese five ])ossible orbits are — lirstly, the immense 
ellipses in which we now know tln^ meb'ors do revolve, and 
for whi(}h they roquini the Avholo thirty-tlireo years to complete 
a revolut/ion ; secamdly, a nearly circular orbit, very little larger 
than the earth’s path, which the nujteors would traverse in 
a few days more than a year: another similar orbit, in whi(jh 
the time would be a few' days short, of the year; and tw'o 
other small elli[)ti(‘al orbits lying inside the earth’s orbit. It. 
was ('h'arly demonstrated by Professor Newton, of N(nv ilaven, 
IJ.S.A., that the observed facts would bo ex])lained if the meteors 
moved in any one of these ])aths, but that they could not 
b() e.xplained by any other hypothesis. Jt remained to see 
which of these orbits was the true one. Professor Nbnvton 
himself inadi' the suggestion of a possible im^thod of solving 
the jirobk'ni. The t(5st. Ik', proposed w'as one of some dilH(Miltv, 
for it involved certain intricate calculations in the tlaiory oi 
perturbations, fortunately, however, Professor Adams und(‘r- 
took tlu‘ iii(|uirv, a,nd by his successful labours the path ot 
the liconids has be(ai complebdy ascertained. 

W’hen the ancient records of the aj)poarance of great 
Leonid showers wa^re examined, it was found that the dale ot 
their occurn'iicc undergoes a gradual and continuous cliangt', 
w'hich Professor New' ton fixed at one day in seventy years. 
It followas as a necessary consequence that the point where 
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the path of the meteors crosses the earth’s track is not fixed, 
bat tliat at each successive return they cross at a point about 
hah a degree further on in the direction in which the earth 
is travcdling. It follows that tlie orbit in which tlio meteors 
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•ire revolving is undergoing cdiange ; th(^ path they follow in 
one revolution varies slightly from that pursued in the next. 
As, however, these changes proceed in the saiiio direction, 
they niay gradually attain considerable dimensions; and the 
iunount of change whicli is produced in tl]e path of tluj met(3ors 
in the lapse of centuries may hn estimated by tlui two ellipsis 
shown in Fig. 78. The continuous line rijpreseiits the orbit 
m xV.D. 120; the dotted line represents it at present, 
z 
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This uninistakabh} cliaii^c in the orbit is one tliat astro- 
nomers attribute to what we have already spoken of as pia'- 
tiirbation. It is certain that the elliptic motion of tln^scj bo(]i(‘s 
is due to the sun, and that if they were acted on by the 
sun only the ellipse would remain absolutely unaltend. We 
sc(^ then, in this i^radual <*han^(*. of the (‘ilipse the influence 
of the attractions of th(i jdancjts. It was shown that if the 
meteors moved in the laru^e orbit, this shiftini^ of tin? ])ath 
must be due to the attraction of the ])lanets .lu]n‘ter, Saturn, 
Uranus, and the Karth ; while if the meteors followed one of 
smalh'r orbits, the planet, s that would b(^ near enou^li and 
massive <‘noUL,di to a<tt. sensibly on t,h(an would b(^ tlie Karth, 
V’^enus, and Ju]>iter. Here, then, w(^ see how the (pn^stion 
may bo answered by <*alculatu)n. It is dillieult, but it is 
possible, t,o (jaleula-te what the attraction of the ])lan(ils would 
bo (japable of {)i‘oducin_<y for (W'h of the live dilku’eiit sup^ 
positions as to tb(^ orl)it. This is what Adams did. Jlc 
found t.hat if tlu^, m(‘t(‘ors movcil in the <(r(‘at orbit, then 
the at.tra,e,(ion of .Ii:])iter would account for two-thirds of the 
observed chano(‘, whih* the r(nnainin<»’ third was dtui to the 
intluenco of Saturn, supplemented by a small addition on 
account of Uranus. In this way fhe calculation showed t,har, 
the lari^^e orbit was a ]H)ssii)le oiu'. Prohvssor Adams also 
C()m])ut<;d the amount of dis[)lac(*m<mt in the path that couM 
be produc(‘d if t,ho meteors revolved in any of the four smalkjr 
ellipsi^s. This invest iijcat ion was one of an arduous (diaracter 
but the results am])ly re))aid the labour. It was shown that 
with the smaller ('llipses it would be impossible to obtain 
a displacement even one-half of that whi(‘h was obs(?rved. 
These four tu’bits must, th('refore, be rejected. Thus the 
demonstration was complete that it is in the lar,i*'(' path that 
the meteors revolv(\ 

The movemiaits in (‘ach revolution arc e^uided by Ki'pler’s 
laws. When at the ])art of its path most distant from tlie 
siin the velocdy of a nu'tcor is at its lowest, l)oin<if then hnt 
liltle more than a mih' a .second; as it draws in, tlie speed 
gradually iner(‘ascs, until, when tlie meteor crosses the earth’s 
track, its velocity is no less than twenty-six miles a second. 
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The eartli is iiioving very nearly in the opposite (lire(;tion at 
the rate of eiji^htoen miles a sec^ond, so that, it' the iiK'teop 
happen to strike iIk^ earth’s atmosphere, it does so with the 
enormous velo(‘-ity ^>1' iK'arly forty-four miles a second. If a 
collision is escaped, then the meteor resumes its onward 
journ(‘y witli i»Tadually decliniii^* velocity, and by tJie time 
it has completed its cii’cuit a period of thirty-three years and 
a quarter will have (‘lapsed. 

The innumerable meteors wliioh form the Leonids are 
arra]i<^n'd in an enormous streani, of a bn^adth very small in 
comparison with its hm^nh. Tf we re[)r(‘S(‘nt the orbit by an 
ellipse whose ]eiyi(t,h is s<‘V(ai feel, tlien the m(a(‘or sln'am 
will be represented by a thread of llu‘ tiiu'sl, sewini^’-silk, al)out 
a foot and a half or two f(‘(‘l lontr, creeping;’ alono th(‘ orbit.* 
The size of this stream may be eslimat(‘d from tJu^ ('onsid(‘ra- 
li(jn that even its widtli cannot be less than I ()(),()()() mih'S. 
Its len<jfth may Ix) (.‘st,imal.(‘d fi*om tlu^ eir(‘nmslan(.‘(‘ that, 
although its velocity is about tw<‘nty-si.\ jnihvs a s(‘(*oiid, y(‘t 
the stream tala's about two y(‘ars to pass tli(‘ point wliere 
its orbit cross(‘S the (‘arths tractk. On th(‘- memorabk' nij^ht 
l»(‘twe(.‘n the Idth and 14tJi of Novemlxa*, ISOb, the (‘arth 
pinniped into this stream iHi^ir its Jiead, and did not, (‘iiK'r^n 
on the other side until live hours laU'i*. Duriiy!^' that lime 
it happened tliat, th(3 heniisplKTC of th(3 <‘arth whi{*h was in 
front contained the contiiK'iits of lMiro[)e, Asia, and AlVira, 
and consequently it was in the Old World that the i^reat 
shower was S(‘en. On that day twelv(‘month, when the (.‘arth 
had re^ttained the sum(3 spot, the shoa.l had not (‘iitiioly passcsl, 
and the (?arth mad(i anotlu'r ])1uii!li;v. This time tlu; American 
ec.aitinent was in the van, and (‘onse([U(‘ntl 3 ' it wasi tlu^re Unit 
the shower of lrS(i7 was se(‘n. Lven in the followinL;- y(3ar 
the ereat shcjal had not (‘utindy passcxl, and since tlam a lew 
straeolers alonjj;' the i’out(3 have been encountei‘(‘d at (3a(d] 
annual transit of tluj ejarth a(*ross this nu'teoric hii^hway. 

The' diagrani is also desi<(n(.‘d to indicate a remarkable 

* This iUiistrati(m, as woll as tho lii^nro of llie patli of thn Tiictrors, has lx lai 
derived from Dr. (1. d. Stonoy’s interesting leeturo on “ The Story of the Novcrntu.'r 
I'leteors,” at the Koyul Institution, in IST'J. 
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speculation which was put forward on the hi^h authority of 
Lo Verrier, with the view of explaining how the shoal came 
to 1)C introfluced into the solar system. The orbit in which 
iJie meteors revolve does not intersect the paths of Jupiter, 
Saturn, oi* iMai-s, but it does intersect the orbit of I 'ran us. 
It iniist souK'times hap])en that Uranus is passing through 
this ])oint of its path just, as the shoal arrives there. Le V'errier 
has (hiinonsl rated that such an event took place in th(i year 
A.i). 12(), but. that it I'las not. happened since. We thus 

seem to liave a clue to a very wonderful history by wliich 

th(‘ nu'.teors iivv shown to have come into our system in the 
y(‘ar nanu'd. The expectations of a repetition of the great 
shower in bSDf) whicli had been widely eufertained, and on 
good grounds, were not realised. This shows that the orbit may 
swei've (rom its inean |)osition. 

Assuming tliat the orbit of the August meteors was a 
])aral)ola, S(!]ua])arelli com])Uted the diuuaisions and position 
in spac.j; of this orbit, and when ho had worked this out, he 
noti(‘ed that tlu^ orbit corresponded in every particular Avith 
the orbit of a fine (Muuel which had appeared in the summer 

ol This could not. be a mere matter of acc/idcnt. The 

plane in which the couu'.t. mov(‘d coincided (‘xactly with that 
ill wliic'h the nujteors uiovcmI : so did tlie directions of the 
axes of tlu'ir orbits, while the direction of the motion is 
the same, and the shortest distance fiom the sun to the 
orbit is also in the two cases identical. This proved to 
demonst.ralion that, there must be some profound ]diysic.a.l 
oonnectioii between comets and swarms of meteors. And a 
striking verification of t.his was shortly afterwards furnished, 
when the orbit of the Movember meteors liad been computed, 
for this was at once noticed to be pnicisely the same as the 
orbit of a comet which had passed its perihelion in January, 
1<S()(), and for which the period of revolution had been found 
to be thirty-three years and two months. 

Among the Jiconids avc see occasionally fireballs biaghtt'r 
than \dius, and even half the ap[)arent size of the moon, 
bursting out with lightning-like flashes, and leaving streaks 
whicli last from a minute to an hour oi* more. But the great 
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majority are only as bright as stars of the second, third, 
or fourth }iia,gnitiidc. As the amount of light given by a 
meteor depends on its mass and veIo(*ity, we (‘an form some 
idea as to tlie actual weight of one of these' meteors, and it 
appears that most of them do not weigh nearly as much as 
a (piartcr of an ounce; indeed, it is probable that many do 
not wcigli a single grain. Ihit we have seen that a (!omet in 
alb probability is nothing but a very h^ose swarm of small 
particles surrounded by gas of very light density, and 
we have also seen that the material of a comet must by 
degrcMJs be more or less dissipated through space. It may, 
therefore, be suggested that possibly the disintegrated fragments 
of a comet may provide the particles which (anise shooting stars. 
This astonishing notion has now becai't'ompletely demonstrated. 

A copious meteori(‘- shower took ])la('(^ on the night of 
the 27th .November, 1872. On this occasion the shooting 
stars diverged from a radiant ])oint, in tbc constellation of 
Androimala. As a spectach^ it was un(|U(.;s(,ionably inferiiJr 
to tJie magniticent disjilay of bStiG, but it is ditlicult to say 
which of the two showers has heen of greater scientitic, 
inrportaiK'c. 

It surely is a rcmarkalile (toimudema' that the cai*th 
should encounter thi^ Andromedes (for so this shower is 
called) at the very mom(3nt when it is (irossing the irac.k of 
liiela’s (cornet. \Vc have observed the diniction from which 
tlie Androm('d(_‘S come when th(‘y plunge into the atmo- 

sphere : we can asiajrtain also the direction in which Ihelas 
comet is moving when it passes the (‘arth’s trac-k, and we 

tind that the direction in which the comet moves and the 

direction in which tlie meteors move are identical. 1liis 
is, in itself, a strong and almost overwh(‘lming piaisuinption 
that the comet and the shooting stars a, it* c.onneiTed ; but 
this is not all. We have observations of this swarm dating 
back to the eighteenth (;entm’y, and avo find that tlui date 
of its ’ appearance has changed from t.he Gtli or 7th of 

December to the end of November in perfect atajordanco 
Avith the retrograde motion of the crossing-point of the 
earth's orbit and the orbit of Bicla’s comet. This comet was 
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observed in 1772, and again in bSOo-b, before its ])oriodic 
return every seven years was discovered. It was discovered 
by Hiela in L82(), and was observed again in 1882. In 
1840 the astronomical world was startled to find that there 
wore now two ('omcls in place of one, and the two fragments 
' were) again [)ei‘(‘eived at the return in 1852. In 1850 Hiela’s 
(ioiiK^t could not be seen, owing to its imfavoiirable situation 
with regard lo thti earth. No trace of lliela’s comet was seen 
in I8()5-00, wh(‘n its return was also due, nor has it evta- 
been se<‘n siiua'. It therefore appears that in the autumn 
o{‘ 1872 the time had arrived for the return of Hiela’s comet, 
and tlius the o(;(aiiTeuce of the great shower ot‘ the 
Andromedes took pla(;e about tlie time wluai Hiela’s comet 
was actually due. The inference is ii*resistible that the 
wdiooting stars, if not a(;tually a ])art of the comet itself, are 
at all events most intimately conne(ite(l thennvith. This 
shower is also memorable for the tebgram sent from Professor 
KlinkerfiK's to Mr. I’ogson at Madras. The telegram ran 
as follows Hiela toiK'-lual (jarth on 27tb. Search near 
Tlu^ta Ceiitauri.” lN)gson did sc^andi and did liud a comet, 
but, unfoi’tunalely, owing to bad weather he only secured 
observations of it on two nights. As Ave recjuire three ol)- 
servations to del ermine the orbit of a ])lanet or comet, it 
is not possi])le to compute tie*, orbit of Pogson's, but it 
seems almost certain that the latUa* ('amiot be i(hmtical with 
either of the two comjHuuaits of Hicla’s comet. It, is, however, 
likely that it really was a comet moving along the same 
track as Hiela and the meteors. 

Another dis])lay of tlie Hii'la meteors took place in 1885, 
just giving time for two eom])lete revolutions of the swarm 
since 1872. The dis])lay on tlie 27th Novianber, 1885, was 
magniticcnt; Pi’ofessor Newton estimated that at the time 
of ma.ximum the meteors came on at the rate of 75,000 
])er hour. In 1802 the comet ought again to have 
returmal to jicrihelion, but. in that year no meteors wen', 
seen on the 27th November, while many were seen on the 
28rd from the' same radiant. The change in the point ot 
intersection between the orbit of the meteors and the orbit 
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of the earth indicated by this diffcrcnco of four days ^\as 
found by HnnlieJiin to be duo to the perturbin*^^ action of 
Jupiter on the motion of the swarm. 

It is a iioliccable circumstance that the ^u’eat meteoric 
showers seem never yet to have projt'cted a missile Avhich 
lias r(‘aclied the earth’s surface. Out of tlie myriads of 
Leonids, of l\‘rs(hds, or of An<lromedes, not one j)articlo 
has ever been seized and identitied.* Those bodies whicli 
fall from the sky to thi^ earth, and whii'h we call meteorites, 
do not seem to come from the great showers, so far as we 
know, 'riicy may, indeed, have (juite a different origin IVom 
that, of tlie jieriodic meteors. 

It is somewhat curious that the belief in tlie celestial 
origin of meteorites is of mod(?rn growth. In ancient times 
tliere were, no doid)t, rumours of wond(‘rful stones whicJi had 
fallen down from the heav(‘ns to the earth, hut these reports 
seem to liave obtained but little credit. They were a. century 
ago regarded as 'perlectly fabulous, though then; was ahuiah 
ant testimony on the subj(‘(*l,. Ky(i-witnt^sses av(')*i‘ed that they 
had S(itai iJie stones fall, 'fhe hodiiis themselves were unlike 
other ohjc'cts in the neighbourhood, and eases were evcai 
auth(;nti('at.e(l where men hj^id been killed by those celestial 
visitors. 

No doubt the observations were generally made by 
ignorant and illiterate ])crsons. The true ])arts of the re(;ord 
were so mixed up with imaginary additions, that cautious 
men refused to credit the statements that such objects really 
fell from the sky. Even at the presijiit day it is fiftcn 
extremely dillicult to chtain acctirate testimony on sikJi 
matters. For instance, the fall (J a meteorite was obs(!rved 
by a Hindoo in the jungle. The stone was there, its 
ntctcoric character was undoubted, and th(‘ witness was duly 
examined as to the details of th(i (xaairrence ; but he was 
so frightened by the noise and by the danger ho believed 

^ On Ui(? ‘27th Xov(;inlHir, 1SS.>, a pifCM* of Tm‘t(‘oric iron fell at Mazapil, in 
Mexico, durin" the slnjwerof Androniodes, butwlietlMT it formed j):irtof Uie s\v:irin 
is not known. It is, however, to l>e notice*d tli.it motoorites arc said to have fallen 
on several other occasions at the end of November. 
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liimsclf to have narrowly csca[) 0 (l, that he could tell little or 
iiothin^^ He felt certain, however, that the ineteoi'itc^ had 
luiiited him for two hours throui^h the juu|[>‘le before it fell 
to t-hc earth I 

In the year 170-t Cliladni published an acciount of the 
rcinai’kahle mass of iron wliieli the traveller Pallas had dis- 
(M)vered in Siberia. It was then for the lirst time recognised 
that this object and others similar to it must have had a 
celestial origin. Hut even (diladni’s reputation and the 
argiiments lie brought forward failed to procure universal 
assent. Shortly afterwards a stone of fifty-six pounds was 
exhibit, ed in London, which several witnossivs deijlared they 
had seen fall at Wold (Jottage, in Yorkshire, in 1705. This 
body was subse([uently dc[)osited in our national collection, 
and is now to be seen in the Natural History Museum at 
South Kensington. The evidemo then began to pour in 
from other (juarters ; portions of stone iVom Italy and from 
P)Cnares were found to he of identical composition with the 
A'orkshii'e stone. The incredulity of those who had doulitcd 
the c(‘lcst,ial origin of tln'sij obj(H*.ts began to give way. A 
careful memoir on the Henares met(‘orit(e by Howard, was 
published in the “ Pliilosophical Transactions” for 1802, 
while, as if to complete the <lemonstration, a great shower 
of St OIK'S took ])la(a) in tin* following year at J/Aigle, in Nor- 
mandy. The French Academy deputed the physi(nst Hint 
to visit the locality and mak(^ a d(‘tail(‘d examination of the 
(‘ircumstances attending this memorable shower. II is (‘uquiry 
removed every trace of doubt., and the mcl.ooric stones have 
ac'c.ordingly Ix'on transferred from the dominions of g(iology 
to tliose ol' astronomy. It may be noted that the recjognition 
of the celestial origin of meteoriU's happens to be simul- 
taneous Avith the di.scovcry of the first of the minor jdancts. 
In eaidi case our knowledge of the solar system has been 
extended by the addition of numerous minute bodies, which, 
uotAvithatanding their insigiiilicant dimensions, are jiregUant 
w’ith information. 

When the po.ssibility of stone-falls has been admit, U mI, wo 
can turn to the ancient reciords, and assign to them the 
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credit, they merit, which was withlield for so many centuries. 
Perliaps tlie earliest of all these stone-falls which can be 
sai<l to have much pretension to historical accuracy is that 
of the shower which Livy describes as havini*’ fallen, about 
the year G54 itct, on the Alban Mount, near Home. Among 
the more modern instances, we may mention one which was 
authenticated in a very emphatic manner. it occuirred in 
the year 149:2 at Knsisheim, in Alsace. The Lmperor ^laxi- 
miliaii orchired a minute narrative of the circaiiiistances to be 
drawn up and deposited with the stone in the (*.hurch. The 
stone was suspended in the (ihurch for three ('(aitiiries, until 
in the French Ihivolution it. was carried off to (Johnar, and 
pieces were hroken IVoni it., one of whi<'h is now in our national 
collection. Fortunately, this inter(‘stiug object has been 
restored to its aiudeiit position in the chiu'ch at Fnsisheiiu, 
where it r(Mnains an attraction to sight.-seers at this day. 
The account is as follows: — ‘ In the year of the Lord 1492, 
on the WediK'sday before St. Martins Day, Noveauber 7th, a 
singular miracle oc'ciirrcd, for between ('leviai o'clock and 
noon there was a loud clap of thund(T and a prolonged con- 
fused nois(', whi(ih was heard at a great distance*, and a stones 
fell from the air in the jiu’isdiction of fiusisheim which 
weighed 2()() ])ounds, and the confused iioisei was at ot,h<‘r 
places much lomha* than li(*re. Then a boy saw it. striker on 
])loughcd ground in tluj upp(*r Held towards th(3 Khine and 
the 111, near the district of (Jisgang, which was sown with 
wheat, and it did no harm, exce])t that it made* a, hole there ; 
and then they conveyed it from tlie spot, and many piece^s 
w(*re hroken froiti it,, which the Land Vogt forbade. They 
therefore caused it to be placed in the church, with the 
intention of suspending it, as a miracle, and there came hei’o 
many ])eo])le to s(ie this stone, so there w('re many n'lnark- 
able conversations about this st/me ; tin*, learned said they knew 
not what it was, for it was beyond the ordinary course of 
nature ‘that such a large stone should smite from the height 
of the air, but that it was really a miracle from (lod, for 
before that tinui never was anything heard like it, nor secai, 
nor written. When they found that stone, it had enterfid 
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iiit.o the eartli to half' tlic doptli of a inati’s stiitur(3, which 
everybody explained to be the will of (lod that it should bo 
found, and tlie noise of it was heard at bueerne, at Villin<^en 
and at many other ])la(*,es, so loud that the people thought 
that the houses had been overturned ; and as the King 
Maximilian was lujre, the Monday after St. (atherine’s Day 
of the sam(3 year, liis Royal Kxeellency ordered the stone 
wliich had fallen to be brought to the eastle, and afUa* hav ing 
eonvaavsed a long time about it with the noblemen, he said that 
th(i ])eople of Knsisheim should take it and order it to bo 
hung up in th(‘ eliureh. and not to allow anybody to take 
anything fi’om it. ilis KxuailleiK^y, however, took two ])ieees 
of it, of which he k<‘[)t one, and sent tin; other to Duke 
Sigismuiid of Austria, and there was a great deal of talk 
about the stoiu*, which was suspended in the choir, wlua’e it 
still is, and a great, many people came to see it.” 

Admitting the (a^leslial origin of the meteorites, they surely 
e*laim our (closest atb'ution. They afford the only dire(3t method 
w(^ ])ossess of obtaining a, knowledge of the materials of bodies 
(jxterior to our planet. We can take a meteoriU) in our hands, 
w(5 (tan analyse it, and find the elements of which it is com- 
posed. W'o shall not attempt to elite’’ into any very d(‘, tailed 
a(aa)imt of tlu^ striK'lure of meteorites; it is rather a matt(a‘ 
for tlu; (’onsideratioii of chemists and mineralogists than for 
istrononu'rs. A f(‘w of the more obvious i'(ait,ni‘es will be all 
that w() r(‘quire. They will serve as a preliminary to the dis- 
(aission of the iwobable origin of thesii bodies. 

In the Natural History Museum at South Kensington we 
may ('xamine a supiah collection of meteorite's. They have? 
beeai brought together from all parts of the earth, and vary 
in si/e from bodies not much larger than a pin’s head up 
to vast masst's weighing many hundredweights. There are 
also models of cc'k'brated meteorites, of whicli the originals 
ar(‘, dispiu’sed through various other museums. 

Many meteorites have nothing very remarkable in their 
external a])p(?arance. If they were met, with on the sea beach, 
th(‘y would be ])assed by without more notice than would be 
given to an^^ other stone. Yet, what a history a meteorite 
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inii^ht toll iis if we could only jrianaijfo to obtain it! 1 1 foil; 
it was S(‘on to faJl IVoin the sky; but what was its coursti 
}int(a’ior to that inovcnient ^ Where \vas it 100 \(‘jirs ia»’o, 
1,000 years a!L»o / Tlirou!L»‘h Avdiat reiLjions of space lias it 
waiulen'd ^^diy did it never fall before ^ Wliy has it 
actually now fallen !^ Sindi are some of the (|Ucst,ions wbieh 
(rrowd u])on us as wo ])onder over those most inler(?st ini^* 
bodies. Sonu' of these objects ari‘ composed of very (diarao' 
t,(a‘isti(', materials; take, for (^xanijile, one of tlie morii rcuamt 
arrivals, known as the ffowton sid(;rite. This body dill(a*s veiy 
much Irom the more ordinary kind of stony mcleorite. It 
is an oljca^t which (^vcn a casual Avayfarer would hardly pass 
without notice. Its i^rcat weitjfht would also attrac^t attention, 
while if it be si'.ratxjlu'd or rubbed with a, tile, it would appear 
to b(; a mass of nearly pure iron. W(‘ kin>w tla^ carcumstanci's 
in which that pi(‘C(j of iron fell to the. earth. It was on 
the 2()th of April, bsTti, about d.40 ]).m., that, a stran^ai 
ruml>rm<.t noisie folloAvial by a startling expl(>sion, was heard 
over an area of several niil(‘s in extent among tluj villages in 
Shropshire, eight or ten miles north of the Wn/kin. About 
an hour after this occunaaice a farmer not/uHMl that, tlie groimcl 
in one of his gi’ass-tields haiF b(‘en disturlxMl, and Ikj probed 
th(! bol(} which the meteorite bad made, and found it,, stall 
warm, about (figliteini inches below the surfaiaj. Some men 
working at no great distance had heard tla^ nois(‘ made in 
its d(‘scent. This remarkable object weighs 7'i lbs. It is an 
irr(‘gulai- angular mass of iron, though all its (‘dgt's siaan to 
bav(; been roundcMl by fusion in its transit tlirougli tlui Jiir. 
It is (a)vered with a thick black jiellicU^ ol' the magnetii: oxide 
of iron, except, at the point avIktc it first striKik tln^ ground. 
The l)uke of (develand, on whose property it fell, alba'wards 
presimled it to our national institution already nderi’ial to, 
when.*, as the Rmvbm sideriti', it attracts the attention of 
cvery.oue who is interested in these Avondc'rful bodies. 

This siderite is sjiecially interesting on a(a;ount of its dis- 
tinctly metallic character. Falls of objects of this particular 
typo are not so frequent as are those of the stony meteorites; 
in fact, there are only a few known instances of meteoric 
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inms liavin^ boon {lelually sc()n to fall, while the observed 
falls of stony inetcorites arc to be (ionnted in scores or in 
luindreds. The infercaKJO is that the iron meteorites are much 
less fre(|uent than the stony ones. This is, liowever, not the 
iin[)rcssi()n that the visitor to the Museum would be likely 
to receive. In that extensive collection the meteoric irons 
are by far tlie most, striking ol»jects. The explanation is not 
difficult. Those L»-itfanti<i masses of iron are unquestionably 
meteoric: no one doubts that lliis is the case. Yet the vast 
majority of them have never been seen to fall; they have 
sim[)ly bc‘en ibund, in circumstaiK'Cs which poijit unmistak- 
ably to their meteoric, nature. vSup])ose, for instance, that a 
traveller on one of tlu; plains of Siberia or of (Jentral Amei-i( 3 a 
finds a mass of m(3tallic iron lying on the surface of the 
gnumd, what explanation (fan be rendered of such an oecur- 
reiK'O No one lias brought the iron there, and there is no 
iron within hundreds of miles. Man never fashioned that (object,, 
and th(3 iron is found to be alloyc^d with niclujl in a manner 
that is always obscjrviul in known meteorites, and is generally 
regarded as a siu'c indication of a meteoric origin. Obs(Tve 
also, that, as iron ])crishes by (corrosion in our atiuos[)her(*, 
that gr(‘at mass of iron cannot have lain where it is for 
indefuiiUf ag(3s ; it must have been placed there at some finite 
time. b)nly one sourifc for such an object is coiufciA'able ; 
it must liave falhai from the sky On the same jilains the 
stony met(3orites have also fallen in hundreds and in thousands, 
but th(3y crumble away in tlie <‘ourse of time, and in any case 
would not arrest the attention of the traveler as the irons 
are lik(3ly to do. Hence it follows, that although the stony 
meteorites s(3(>m to fall much more fmjuently, yet, unless they 
are actually observed at the irKuncnt of desci'iit, tlu^y arc much 
more liabh'. to be ovaadooked than the meteoric irons. Hence 
it is that the more prominent objects of the British collection 
are the meteoric irons. 

We hav(3 said that a noise accompanied the descent of the 
howton sidcrite, and it is on record that a loud explosion 
took place when the meteorite fell at Ensisheim. In this 
we have a characteristic feature of the phenomenon. Nearly 
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all the descents of meteorites that have bc(3U observed seem 
to have been ushered in by a detonation. Wo do not,, how- 
ever, assert that this is (juite an invariable teatiirc ; and it 
is also the case that meteors often detonate without throwiiii*' 
down any solid fragments that have i>een collected. The 
violence associated with the phenomenon is forcildv illus- 
trated by the Ihitsura meteoriU^ This obj(;ct fell in India 
in 18()]. A loud explosion was lieard, sev(‘nd fragments of 
stone were collected from distances threes or four miles apart; 
and when brought together, they were found to fit, so as 
to enable the primitive form of the meteoriu*, to be reijon- 
structed. A few of tin* [)it‘ces arc; wanting (they were, no 
doubt, lost by falling nnobserv(‘d into localities from which 
they could not be recovered), but we hav(^ obtjiiiu^d ])i('(.*es 
ejuite numerous enough to permit us to form a, good idea 
of the irregular shape of the objec.t. befon*. the (explosion oo 
curred which shattiTcd it into fragments. This is om* of 
the ordinary stony meteorites, and is thus c,ont,rasl(ul with 
the Rowton sideiite which we hav(‘, just been (jonsideriug. 
TIkto are also other ty[)es of mi5te(*rites. The l>r(Ut(‘nba,(di 
ii'on, as it is called, is a good repr(‘S( ‘lit alive, of a class of 
tfoso bodi(?s whi(*h lie inteTm(.;diat,e betwe^en the mtit<‘oric. 
irons and the stones. It, c-onsists ol a coarsely ccdlular mass 
of iron, the cavities being tilled with miu(;ral substamais. In 
th(' Museum, s(ic,tions of int(a*mcdiat(‘, forms arc' shown in 
whi(3h this structure is exhibited. 

Look first at the most obvious (diaraclcu'istic of tlu'se 
meteorites. W (3 do not now allude to tla'ir chemical (com- 
position. but to their (*xternal a[)pearance. W hat, is the 
most remarkable featuni in th(‘ shape ol thest* ol)j(‘cts ^ — 
surely it is that they are fragments. Tiny arc (evidently 
pieces that are J}rohni from some larger object. This is 
apparent by merely hooking at their form; it is still more 
manif(‘st when we examine their mi'chanical structure. It 
is often found that met( 3 (mtes arc the.mselves composi^d ol 
smaller fragments. Siudi a structure may be illustrated by a 
section of an aerolite found on the Sierra of Chaco, W(‘ighing 
about 30 lbs. (Fig. 79). 
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The seclion h(TC represented shows the composite struc- 
ture ol* this ohjfjct, wliic.h belongs to the class of stony nu^leor- 
itos. Its sha2)0 shows that it was really a fragment with 
angular edges and corners. Xo doubt it may liave been 
mn(*li mor(‘ considerable wlien it tirst dashed into the atmo- 
sph(‘re. Hie angular (‘dges now S(‘en on tin; (‘xterior may 
b(‘. due to iin (;x[)losion whicli then occurred: but this will 
not jic.c.ount for the structun^ of the int<‘rior. We there 
S(‘e iiTcgular pit'ci's of varied form and material agglomeral.ijd 
into a single mass. If we would seek for analogous objects 
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on tile <‘arth, wo must look t.o some of the volcanic rocks, 
where we havi^ multitudes ol’ irregular angular fragmonts 
cenaaiti'd tog(‘t-h('r by a matrix in wliich tliey ani imbedded. 
The evidence ])i'(\sented l)y tliis niet(‘orite is conclusivi^ as to 
one circumstance with regard to the origin of lh(‘se objects. 
They must liave come as fragments, from some body ol con- 
siderabh^, if not of vast, dimensions. In this m(‘te(>rit(^ there 
are numerous small grains of iron mingled with mineral 
substanies. Tlu' iron in many meteorites has, indeed, char- 
actia-s resembling those produced by the actual blasting of iron 
by dynamite. Thus, a large met(*oric iron Irom Brazil has b(‘en 
found to have' been actually shivered into fragments at, some 
time anterior to itsTall on the earth. These fragments have becai 
ceiiKMited together again by irregular veins of mineral substances. 

Bor an aih-olite of a very different type we may refer to 
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the carbonaceous meteorite of Orgneil, which fell in France 
f)n the 14th May, 1864. On the occasion of its (lesc(‘nt a 
splendid nu'teor was scon, rivalling the full moon in size. 
The actual diameter of this glol)e of lire must ha,v(i been 
some hundreds of yards. Nearly a hundred fragnuaits of the* 
body were found scattered over a tract of country lifte(‘n miles 
long. This object is of parti(*ular interest, inasmuch as it 
belongs to a rare group of aerolites, from whic.li melallit* iron 
is absent. Tt contains many of the same minerals which ar(‘ 
met with in other meteorites, but in the.se fragments they are 
assor/uflnf. irK/i. rarhan, and with substances of a. whiUi or 
yellowish crystallisable ma.teria.h soluhh^ in etlu'r, and re- 
scudding some ot‘ the hydrocarbons. Smdi a suhstam'c*, if 
it had not. lunai seen falling to the (‘arth, would |)rohahly be 
deenusl a jmxliKit resulting from animal or vegetable life! 

We liave pointed out how a. body moving with great 
velocity and impinging upon the air may be('Ome red-hot 
and while-hot, or even Ik‘ <lriven off into vapour. How, (laai, 
does it happen that met<M)rites (‘scape this licry ordeal, and 
fall down to the earth, with a^gtvat velocity, no doubt, but 
still, with very much U^ss than that which would have sutli<!(al 
to drive tluan off into vapours' liad tlie Itowion siderite, 
for instan(‘e, struck our atmosjdiore with a V(‘loci)y of iweiity 
miles a second, it seems mKpK'stionalde that, it would have 
been dissipated by heat, thoiigli, no doubt, the particles would 
ultiinat(‘ly coales(je so as to des(*end slc'jwly te tin; <*arih in 
microscopic heads of iron. How has the nicih'oi’ii e, escap<sl 
this fate? It must, he romemher(‘d that, our earth is ’als(» 
Tnoving witli a velocity of about eighb'i'ii niil(‘s per second, 
and tliat the velocity with which the inet.i'orit.e plunges 

into the air is that whkdi Avill det('rmine the (l('gr(‘(^ to whie.h 
friction is operating. If the metc(u*it(‘ come into direct collision 
with the earth, the velocity of tlie collision will luj extn'iiHdy 
great; hut it may liap]H‘U that though tln^ actual v(‘leeit,i(*s 
of the two bo(li(‘S are hotli (‘uormous, yet the ndativc' v(;loeity 
may ho comparatively small. This is, at all (‘venis, one con- 
ceivable explanation of the arrival of a imaeoritc on the 
siirfac^e of the earth. 
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Wc have .shown in the earlier parts of tlio chapter that 
the well-known star showers are inliinately connected with 
comets. In fact, each star sliower revolves in the path pur- 
sued by a cornet, and the shooting star particles have, in all 
probability, been themselves derived from the cornet. Show(?rs 
of shooting stars have, therefore, air intimate conncf'tion with 
coniets, but it is doubtful whether meteorites have any con- 
nection with comets. It has already been remarked that 
met(jorit(js have never been known to fall in the great, star 
showers. Xo pai'ticle of a miiteorile is kianvii to have dropped 
(roin the count less host of the Leonids or of the Perseids ; 
as llu‘ as we know, the Lyrids never drop])ed a nieteorite, nor 
did th(' (hiadraiitids, the Geminids, or the many other showers 
with wlik'h ev(My astronomer is fainili.ar. Tlua’c is U(> i’(,^ason 
to (connect meteorites with these sliow(‘,rs, and it is, therefore, 
doubtful whether w(^ should coniM^et. met(a)rit(\s with (a)inets. 

With reference to the origin of meteorites it is ditlieult to 
s])(‘ak with any grcait degn^e ol' coutideiK'O. Every theory of 
na^ti.'orites ])resents dilUeulties, so it seems that tli(3 only 
(joursc^ open to us is to clioo.se that vic^w of thdr origin 
whi('h s(*(‘ms least improbable. It a[)pears to me that, this 
condit.ion was fulfilled in the theory entertained by the 
Austrian mineralogist, T.scthcrmak. Il(< had made a study of 
the meteorites in the rich collection at Vienna, and he had 
(jome to th(* coiK'.lusion that tlu; “ m(‘t.eorit(‘S have had a 
volcanic source on som<‘ <*eh‘stial body,” Ji(‘t us attempt to 
pursiK; this n'asoning and di.scuss the problem, Avhich may 
b(3 thus Slated: — Assuming that at haist some of the meteor- 
ites hav(' been ejected fi’om volcanoes, on what body or 
bodies in the universe must these volcanoes be situated ? 
This is really a (picstion for astronomers and mathematicians. 
Once the mineralogists assure us that these bodies are 
volcanic, the question becomes one of calculatu)n and of the 
balance of probabilities. 

The first step in th(3 empiiry is to realise distinctly the 
dynamic.il conditions of the problem. Conceive a volcano to 
he lo(*ated on a planet. The volcano is supposed to be in a 
state of eruption, and in one of its mighty throes projects 
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a missile aloft : this missile will ascend, it, will stop, and 
fall down again. Such is the case at present in the erup- 
tions of terrestrial volcanoes. Cotopaxi luis been known to 
hurl prodigious stones to a vast height, but these stones 
assuredly return to earth. The gravitation of tli(3 (.'arth has 
gradually overcome tlie velocity produced by the (ix])losion, 
and down the body falls, lint let us suppose that the erup- 
tion is still more violent, and that the stones are projected 
from the jdanet to a still gr(‘atci‘ lujight above its surface. 
Suppose, for instance, that, tin; stone should bo shot up to a 
lieight equal to the planet’s radius, tin; attraction of gravita- 
tion will then b(‘ reduc(.‘d t,o oiu^-fourth of what. it. was at 
the surfa(‘e, and liem-e the planet will tind gi’eatiu* ditli' 

culty in ])ulling ba(3k tJui stone. Not only is th(‘ distance 
through which the stom^ has to be pulled bacik increased 
as the height in(a*cas(.‘s, but. tin; eliicaimc.} of gi’avitatiou is 
weakened, so that in a l.wofold way the difHeully of ns 
calling the stoiC' is imu'eased. We have ahead) more than 

once alluded to this subj(‘ct., and w<; havi* shown that 

then? is a certain (!riii(‘a,l velocity appropriate to each planet., 

and depending on its mass and its radius. If th(‘ missil(‘ 1x3 
projected U|nvards with a Y(‘lf)city e(|ual to oi* gn^aha* than 
this, then it will ascend never to n'turn. W'(‘ all ree«)li(‘ct 
Jules Verne’s voyage, to tlui moon, in which la* (h‘se,i*ibed the 
Colunibiad, an imaginary ('iiiinon, capable of shooting out, a 
projectile wuth a vehxuty of si.x or sev'cn tnil(!S a secamd. 
This is tli(3 (*,riti('al velocity for the earth. If we could 
imagine the air removed, then a camion of scvcn-mil(3 powaa* 
would project a body upwards which would iH'Vcr fall down. 

The great ditliculiv about Tsehermak’s \iv\v of the 
volcanic origin of the mc‘t(3oi’ites lies in the tremendous 
initial velocity w'hi(di is rc([uired. The Columbiad is a. myth, 
and wa 3 know^ no agent, natural or artificial, at the jireseait 
time on the earth, adequate to the production of a velocity 
so ap])lilling. Th(3 thundi'rs of Krakatoa were heard thou- 
sands of miles aw^ay, but in its mightiest throes it. discliarged 
no missiles with a velocity of si.x miles a second. W (‘ an*, 
therefore led to enejuire w^hether any of the other celestial 
A A 
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bodies are entitled to the parentage of th(' meteorites. We 
cannot see volcanoes on any other body except tlie moon ; 
all the other bodies arc too remote for an inspection so 
minute. Docs it seem likely that volcano(\s on the moon 
can ever launc-h forth missiles which fall upon the earth ? 

This belief was once sustained by eminent authority. 
The mass of tlie moon is about omi-cightieth of the mass of 
the earth. It would not be true to assert that tla^ critical 
velocity of projection varies directly as. the mass of the 

planet. The (*orr(ict law is, that it varic's direc.tly as the 

square root of tln^ mass, ami inversely as the srpiarc; i*(jot of 
the radius. It is hen(;e shown that the velocity i*('(|Mii’t?d to 
project a missile away from the moon is only about one- 
sixth of that whi('h would be reijuinMl to ])rojcc.t a missile 
away from the earth. If the moon had on its surface 
volcanoes of one-mile ])ower, it is quiU^ (‘o]ic(‘ivable that 
these might bo the source of m(‘teorit(‘s. \\’(' bav(‘- s(‘('ii how 
the whole surfa(‘(? of tin? moon shows traca's of intiaise 
volcanic, aciivity. A missile thus ])roj(*('t('d from the tiioon 

could undoubtedly (all oti the ('arth, and it is not impossible 
that some of tin; meteorite's may really have, cone' from this 
source. Then' is, however, one great ditli(*ulty about tie' 

vohjanoos on th(^ mooi]. Suppose an objc'Ct w(‘i‘e so pro- 
jected, it Avould, nnd<‘r the attract.ion of tlie earth, iii accoivb 
ance Avith Kepler’s laws, move around the (nrth as a hxms. 
If we set aside the disturbances produced ly all other bodies, 
as well as the disturbance produced by the moon itself, we 
see that the meteorite if it once nusses the eartli can m'ver 
fall thereon. It, would be necessary that, the short('st dis- 
tance of the earth’s centre from tin* orbit of tlui pr()je(*til(' 
should be less than the radius of the earth, so that if a 
lunar meteorite is to fall on the earth, it must do so tlic* 
first time it goc's round. The jr)urney of a im'teorite from 
the moon to the earth is only a matter of days, and there- 
fore, as meteorites are still falling, it would follow th'ht they 
must still be constantly ejected from the moon. The vol- 
canoes on the moon are, hoAvever, not now active: observers 
have long studied its surface, and they iind no reliable traces 
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of volcanic activity at the present day. It is utterly out, of 
the question, wliatever the irioon may once have Ik'Ou able to 
do, that at tlie present date she (ould still (iontiiiue to 
launch forth meteorites. It is just possible that a n\(‘teoi‘ite 
expelled Iroiri the moon in remote antiipiity, when its vol- 
canoes were active, may, under tlie influonco ot the dis- 
turbances of the other bodies of the system, have its orbit 
so ahtu’cd, that at haii^tb it conu^s within r('a(^h of tli(j 
atmosj)here and falls to the oarth, but in no (onMimslances 
could the moon send us a meteorite at present. It is lh(n*e- 
lore ivasonable to look clsewlna-e in oui* seiirch For voh'aiioes 
fiilliHing the (*(»nditions oF lh(^ probhan. 

L(;t us now dir(‘(‘t our atienlien to tlie ])lan(‘ts, and 

(‘xamine the circumstances in wlbu^li volcanoes located 
tlu'reon could eject, a in(‘teorit<‘ whicii should nltimal(jly 
tumble on the ^ earth. W (‘ canni»t s(‘e the plaiaMs well 

cnotti^h to t(.‘il whotla'r they have (U* (uer had any vok'aiax's ; 
but the almost univ(‘rsal ])r<“sen<'e oF h<‘at in tla^ lar^-(5 

celestial masses seems to leav(‘, us in litt.le doubt that, some 

form of vohainic a(it,ion nii<;ht be Found in the planets. \V() 
may at once dismiss the |L(iant planets, such as .Inpitci* or 

Saturn: their appearance is v«‘ry unlike a volcanic, surface; 
while their creat mass would render it ue<*essarv to suppose 
that the meteorites were expelled with l<'n‘ilic. velocit,y if 

they should succeed in esca])!!!^- From tla^ i^ravitation of the 
])lanet. A])plyin!L!;' the rule airtiady i^ivcn, a volcano on 
•lu])iter would have to be five or six tinu'S as powei'Fiil as 
the volcano on the earth. To a, void this dilliculty. we 
naturally turn to the smaller planets oF the systian : take, For 
instance, one of that, innumca’able host oF miimr planets, and 
let us enquire how Far this body is lik<‘ly to Iwixo ej(M;t<-d a 
missile which should Fall upon tlie earth. Some of these 

i^lobes are only a Few miles in <liain(‘ter. Tlaa'c ai'o bodies 

in tlie solar system so small that a very modi'ralc^ v(‘ioeily 
would ’be sufficient to ])roject a rnis.sile away From them 
altogether. We have, indeed, already illustrabid this point in 
discussing the minor planet .s. It has been sngg(?stcd that a 
volcano placed on one of the minor planets might be (jnite 
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powerful enough to start the lucteorites on a long ramble 
through spa(‘o until the chapter of accidents brought them 
into collision with the earth. There is but little difficulty in 
granting that there might be such volcanoes, and that they 
might be sulficiontly ])owcrful to drive bodit‘S from the sur- 
face of the planet: but we must remember that the missiles 
are to fall on th(^ earth, and dynamical considerations arc 
involv'ed whi<‘h merit our close attention. To concemtrate 
our idciis. w(^ shall consider one of the minor planets, mid 
for this pnrjiose let us take Ceres. 

If a nnieorite is lo fall U])(>n the earth, it must cross the 
earth’s ])ath, a ring 8, ()()() miles wide; it will not, sntlicc 
for the missile to [lass through the ecliptic on the inside 
or on the eutsidi' of tluj ring, it must lx* actually iJiroiigh 
this narrow si rip, and then if th(} earth lia])[x‘ns l,o be there 
at th(5 same monuMil the meteorite w^ill fall. The first con- 
dition to h(^ si'caired is, thi'ndoi’c, that t-h(‘ |)at,h of the 
meteorite shall traverse this narrow ling. This is to be 
cflec.ted l>y proji'ction from some point in the orbit of (jen.'s. 
JUit- it can ]k‘ shown on pui’cly dynaniictal grounds that 
although the volcanic- energy snlliciiait to remove the pi’o- 
je('tile from Cen\s may be of no gi‘eat account, yet if that 
jirojcctilc is 1.0 ('ross the earth’s track, tlu^ dynamical n^juire- 
nieiits of the (*ase demand a volcano on Ceres at the- very 
least of three-mile power. Wo have thus gained but little by 
the suggestion of a minor planet, for we have not found 
that a- moderate volcanic ])o\vcr would be ade([uat(\ But 

theiH' is another ditlieulty in the case of (’eres, inasmuch as 

the ring on tlie ecli])tic is very narrow in c-omparison with the 
other dimensions of the problem. Ceres is along Avay olV, and 
it would require very great accuracy in volcanic practice on Ceres 
to projiM’t a missile so that it should just traverse this ring and 
fall lU'ither inside nor outside, neither above nor below. There 
must be a great many misses for every liit. We have 

attempted to iqakc' the calculation by the aid of the tlu'ory 
of [mobabilitics, and we find that the chances against this 
occurreiH'c are about 50,000 to 1, so that, out of every 

50,000 projectiles hurled from a point in the orbit of Cores 
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only a single one can be expected to satisfy even tbe tirst 
of the conditions necessary if it is ever to tumble on our 
globe. Jt is thus evident that there are two objections to 
Ceres (and the same may be said of the other minor planets) 
as a possible sounjc of the meteorites. Firstly, that notwith- 
standing the small mass of the planet a very powerful 
volcano would still be required; and secondly, that we arc 
obliged to assume that for every one which ever reached the 
earth at least 50,000 must have been ejc'ctc'd. It is thus 
plain that if tla^ meteorites have really been drivaai from 
some planet of the solar system, large or small, the volcano 
must, from one cause or another, have been :i very powerful 
one. We are thus led to eiujiiire which ])lanct possesses on 
other grounds the greatest probability in its favour. 

We admit of course that at tlie pri'senl time the vol- 
canoes on the earth arc utterly devoid of the nec'cssary 
power; but were the terrestrial vobninoes always so foebb^ as 
they are in these later days ? (Grounds are not. wanting for 
the belief that in the very early days of geological time the 
volcanic (^nergy on tlic earth was much greater than at 
pix'sent. We admit fully the dilliculties of the vic^w that the 
meteorites have really come from the earth ; but they must 
have some origin, and it is reasonable to indicates the source 
w])ich seems to have most probability in its favoni’. (Irant 
for a moment that in the ))rima*val days of volcanic, activity 
there were some mighty thixx's whiidi hurled forth missihvs 
with the adequate velocity: these missiles would ascend, 
they would pass from the gravitation of the earth, th(‘y 
would be seized by the gravitation of tia* sun, and tiny 
would be compelled to revolve around tlie sun Ibr ever after. 
The resistance of the earth s atmosjihere has been considered 
to be a very great difficulty, but, tliis resistance would be lessened 
were the crater at a high elevation above tlie sea level, while, 
if a vast volume of ejected gases or vapours accompanied the 
more ‘solid material, the effect of the resistance of the air 
might be completely eliminated. Some of the objects so ex- 
pelled might revolve in hyperbolic orbits, and retreat never to 
return ; while others would be driven into elliptic paths. 
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Kound the snii these objects would revolve for ages, but at 
each revolution — and here is the important point — they 
would traverse the point from which they were originally 
launched. in other words, every object so projected from 
the eartli would at each revolution cross the track of the 
(;arth. NVe have in this fa(^t an enormous probability in 
fav(jur of the enrth as contrasted with Ceres. Only one 
(Jeres-eject(‘(l UHit, eorite out of every 50,000 would probabh'^ 
cross the eartli’s track, while every earth-projected metcoi'ite 
would neocs.saj’ily do so. 

It this view b(‘ true, then Uktc must be hosts of meteor- 
ites t-rav(‘rsing s])Mce in elliptic orbits around the sun. Tlu'so 
orbits have ()n(‘ leature in common: they all intcirsoet the 
track ol‘ the eai’tb. It will sometimes liapj)eji that the earth 
is found at this point at. tli(‘ moment the na'teorite is cross- 
mg; when this is the ease the long travels of the littb' body 
are at an end, and it tumbles back on the earth from whidi 
it parted so many ages ago. 

It, is well to eni])Iiasise the contrast b(?tw(Hni tlu' lunar 
theoiy ot‘ m('t(‘Oiites (which we thiidc ini])robal)l(^) and tla.' 
tc'rrestrial theory (which a])pears to be [U'obablet For th(‘ 
lunar theoiy it would, as we have seen, be Jiecessary that 
some of the lunar volcanoes should be still active. In tiie 
t,eri*(‘stria.l theory it is only iKicessary to su[)pose that tie* 
volcanoes on the carili once possessed sullicient (.‘xplosiv() 
powc'r. No om^ su[)])os(‘S that the volcanoes at ])res«‘nt on 
the earth ('j(H*t. now tlu‘. fragments whudi are to form fntun: 
najteoriti's : but it se(nns possible that the earth may Ixi now 
slowly gathering baih, in these quiet times, the fragments 
she ejected in an early stage of her history. Assuming, 
therefore, with Tscherinak, that many meteorites have had a 
voktanic origin on some considerable celestial body, we arc 
led to agree with those who think that most probably that 
body is the earth. 

It is interesting to notice a few circumstances which seem 
to corroborate the view that many meteorites are of ancient 
terrestrial origin. Idio most characteristic constituent ot 
these bodies is the alloy of iron and nickel, which is almost 
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universally present. Soniotiincs, as in the Rowton siderito, 
the whole object consists of little else ; soinetinios this alloy is 
in grains distributed through the mass. When NordenskjJjld 
discovered in (Greenland a mass of native iron containing 
ni(ikel, this was at on(ie regarded as a celestial visitor. 
It was called the Ovifak meteorite, and large pieces of the 
iron were conveyed to our museums, 'riierc is, for instance, 
in th(; national collection a most interesting exhibit of the 
()vif;d< substance. Close cxami!iation shows that this so- 
called meteorite lies in a bed of basalt which has been 
qjeetod from the interior of the earth. Those who believe 
in the inet.i'oric origin of the Ovifak iron are constrained to 
admit that shortly after the eru])tion of the basalt, and wliilo 
it was still soft, this stu])endous iron meteorite of gigeintic 
mass aiul bulk happeiKul to fall into this particular soft bed. 
The view is, howcuer, steadily gaining ground that this great 
iron mass was I'.ot a celestial visitor, but that it, sim[)ly 
issued forth from the interior of tJie earth with the basalt 
itscilf. The Ix'aiitiful spccinaais in tlu^ Hritish Muscami show 
how the iron giaduates into the basalt in such a way as to 
make it, highly ])rohabl(j that the sour<'<* of the iro!i is ivally 
to be sought in the (;a.rth ami not cxt,ernal thereto. Slaaild 
flirt hc-i* i‘csear('h ('stahlish this, as now sc'cmis prohahle, a 
most- important st(^]:> will have hccii taken in proving tla^ 
tcri'csti'ial origin of meteorites. If the Ovifak iron he j'eally 
associatiMl with the ha-salt, we have a [M’oof tliat- the ii’on- 
rikdvel alloy is indeed a. terrestrial suhstancij. found dei'p in 
the interior of the earth, and associated with volcanic pheno- 
mena. This being so, it will he no longer diflicnlt to 
account for the iron in nudouhtod meteorites. When the 
vast volcanoes were in activity they (3jectcd masses of this 
iron- alloy, which, having ( irculated round the sun for ages, 
have at last come back again. As if to confirm this view. 
Professor Andrews discovered ])articlcs of native iron in llui 
basalt of the Giant’s Can.soway, wliile the probability that 
large masses of iron arc then) as.sociated with the basaltic 
formation was proved by the researches on inaguetisin of the 
late Provost lAoyd. 
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Hcsides the more solid meteorites there can be no doubt 
that the dehris of the ordinary shooting stars must rain down 
upon the earth in gentle sliowers of celestial dust. The snow 
in tlie Arctic regions has often Ihjcii found stained with traces 
of dust which contains particles of iron. Similar particles have 
been found on the towers of cathedrals and in many other 
situations wlierc it could only have been deposited from 
the ail*. There (‘an hardly be a doubt that some of 
the m(jt(.‘s in the sunhea]n, and many of th(i particles wliich 
good housekcicpers abhor as dust, liave indeed a cosmical 
origin. In the tamous (aaiisci of thcj Chiflh/ixjer the dredges 
brought up from the depths of th(; Atlantic tio “ wcdg(^s ol 
gold, great anchors, heaps of pnirl,’" hut a-uumg the mud which 
tluy rais(;d ar(^ to be found nunuTous magnetic particles which 
thei’e is every ivason to believe f(dl from the sky, and thcjnce 
subsided to the depths of the ocean. Sand from the deserts 
of Africa, wli(.‘-n examined und(a- the microscope, yield traces 
of minute iron particles whicli bear the marks of having 
experi(;n(;od a high temperature. 

'flic earth draws in this cosmic dust continuously, but the 
earth never parts now with a partick*. of its mass. TIh) con- 
se([ueuce is inevitable; the mass of the earth must be growing, 
and though the (diaiige may be a small one, yet to those who 
have studi(Hl Darwin’s treat is(^ on “ Karth-worms,” or to those 
who ai’o ac(piaint{‘d witli the modern theory of evolution, it 
will be manifest that stupendous results can be achievcid by 
slight causes which tend in one direction. It is quite probable 
that an ap])reciable part, of the solid substance of our globe 
may have been dorivcMl from meteoric matter which descends 
in perennial showers u))on its surface. 



CIIAI’TKU Win. 


TllK STAHRY IIKAVENS. 


'riie Constollations — Tho (Jrcat I’oar jiikI Ukj Poiiitfirs — Tho I’dlc Star — Ciassiopeia 
— Androinoda, Pu^aans, and Prrstais — 'I’hn 1 ’!( dados : Auriga, Capclla, Aldts 
l)araii Taurus, Orion, Sirius ; (Jaslor and Pollux — d'ho Idon — BodtciS, Corona, 
and ilerciiles — Virgo and Spiea- Voga and ljyra--Tlic Swan. 

The sludont of jistroiioiny should iruiko himself iKajuainted 
with the principal constellations in the heavens. This is a 
ploasini** ac([uirenient, and inii^ht well form a part of the edncdi- 
tion of every child in (ho kint»(lom. Wo shall commence onr 
discussion of (lie siden^al system with a brief account of the 
principal constellations visible in the northern hemisplaTe, and 
we accompany our description witli sm-h outline maps of the 
stars as will enable the be^^dnnei^* to identify the chief features 
of the starry lieavcns. 

In an earlier (tliapter w(^ directed the attiaition of the 
student to tho remarkable e()nst(‘llation of stars whicli is 
known to astronomers as Trsa Major, or tlie (Ireat Bear. It 
forins the most conspicuous i^rou]) in the nortliern skies, and 
in northern latitudes it never sets. At eleven p.m. in tlie 
month of April the Great Hear is directly oviTluaid (for a,n 
ol)Scrver in the United Kinu^dom); at Uie same hour in 
Septend)cr it is low down in the north ; at the same hour 
duly it is in the west; by Gliristinas it is at. the ('ast. 
From the remotest anti(juity this ij^roup of stars lias attra(;ted 
attention. The st,ars in the Great Bear w(‘re c.omjiriscal in a 
<jfreat f;atalo<^uie of stars, made two tliousand years a^m, which 
has been handed down to us. From the positions of the stars 
given in this catalogue it is possible to n^construct the Great 
Bear as it appeared in those early days. This has been done, 
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and it appears that tlie seven principal stars have not changed 
in tills lapse of time to any large ext(‘nt, so that the configura- 
tion of the tlreat Hear remains practically the same now as 
it was then. The beginner must first obtain an acquaintance 
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with (his grou}) of seven stars, and then his further progress 
in this braiKli of astronomy will be greatly hujilitated. The 
(heat Hear is, indeed, a splendid constellation, and its only 
rival is to be loimd in Orion, which contains moi'o brilliant 
stars, though it does not occupy so large a region in the 
hcavt'iis. 

In the first place, we observe how the (Ireat Bear enables 
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the Pole Star, which is the most important object in the 
northern heavens, to be readily found. The Pole Star is 
very conveniently indicated by the direction ot' the two stars, 
fi and a, of the (Ireat Bear, which are, accordingly, generally 
known as the “ pointers.” This use of the (ireat 15ear is 
shown on the diagram in Fig. <S(), in which the lino a, 
produced onwards and slightly curved, will conduct to the 






H 

I 

¥ 



m 

4 

9 


o 

30 

m 


if' 


> 

H 

r \ 

' \ 

Th« Little Bear 


05 

\ \ 



m 

' \ 



. > 


. The Pole 



P 




The Pole Star 

1 















SI,— IIm- (ircat and 


Pol(^ Star. There is no likelihood of making any mis1ak(! in 
this star, as it is the; only bright one in the neighbourhood. 
OiKfC it has been seen it will be readily identilied on biture 
occasions, and the obstawer will not. fail t,o notice) bow con- 
stant is the ])osition which it preserves in the heavens. The 
other stars either rise or set, or, like the (Ircat Bear, they 
dip down low in the north without actirally setting, but the 
Pole .Star exhibits no considerable changes. In summer or 
winter, by night or by day, the Pole Star is ever found in 
the same place — at least, so far as ordinary observation is 
concerned. No doubt, when we use the accurate instruments 
of the observatory the notion of the lixity of the P(de Star 
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is abandoned ; we then see that; it has a slow motion, and 
that it describes a small circle every twcaity-lour hours around 
tlie true ])ole of the lieav(.‘ns, wlu(di is not (joincident with 

the Pole Star, thoiiirh closely adjacent thereto. The distance 

is at j)resent a little more than a de,i^n*ee, and it is gradually 
lessening, until, in the year a.d. 2095, the distance will be 
under half a degi*ee. 

Tile J\jle Star ils(‘lf belongs to another inconsiderable 
group of stars known as the LittJc; Pear. Tlie two jirincipal 
inenibers of this group, next in briglitness to the Pole Star, 
are sonietinies (tailed tlie “(iuards.'’ The (Ircat Pear and 

(he liittle Px^ar, with tlie Polo Star, form a group in the 

nort.h(a‘n sky nc't paralleled by any similarly situated (foii- 
stellation in the southern heavens. At the South Pole there 
is no cons])i(aious star to indicate its position approximately 
a circumstance disadvantageous to astronomers and navi- 
gators in the southern hemisphere. 

It will now be (‘isy to add a third constellation to the 
two alr(3ady aerpiircd On the opposite side of the Polo Star 
t,o the (Jreat Pear, and at about the same distanc.e, lies a 
very [ileasing group of live bright stars, forming a \V. These 
are tlie more conspi{‘Uous members of the (‘onstellation 
Cassiopeia, wliic.h <'ontains all,ogel,her about sixty stars visible 
to (he naked (‘y(\ When the (Ireat iiear is low down in 
the north, (hen Cassiop(‘ia is high overhead. When the 
(IiH'at P(‘ar is high overheail, then ( -assiojicia. is to bo looked 
for low down in the north. The contiguration of the leading 
stars is so striking that oiuio the eye has recognisi'd them 
futures id(aitili(aition will be very easy — tlie more so when it 
is borne in mind that the Pole Star lies midway between 
C assiopeia and (he ( Ireat Px'ar (Fig. SI). These important 
constellations will serve as guides to the rest. We shall ac- 
(.'ordingly show how the learner may distinguish the various 
other groups visible from the Pritish Islands or similar 
TiortlKaai latitudes. 

The next constellation to be recognised is the iinposiiif 
group whi(jh (a)ntains the (Ireat Square of Pegasus. This is 
not, like Ursa ALijor, or like Cassiopeia, said to be “circum- 
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polar/' The Orcat Square of Pegasus sets and rises daily. 
It cannot bo seen conveniently during the spring and tlie 
summer, but in autumn and in winter the four stars whicli 
mark the corners of the S(piare can bo easily recognised. Thei*o 
are certain small stars within the region so limited; perliaps 
about thirty can be counted by an unaided eye of ordinary 
power in these latitudes. In the south of Europe, with its 
pure and bright skies, the number of visible stars appeals 
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Fij^. S2.— 'ITio Gn-at Squ.'in; of Po^a.sus. 


to be grcjitly iiKjroased. An acute observer at Athens luis 
counted 102 in the saints region. 

The (Jreat Stpuire oi' Pegnsus can bo reaeli(;(l by a line 
from the Pole Star over the end of Cassiopeia. IT it. lx; ])ro- 
duced about as far again it will conduet, the eye to the eentre 
of tlie (h’cat Stpiare of Pegasus (Pig. »S2). 

The line through (3 iind a in Pegasus continmxl 4o to 
the south points out tin; im|)ortant star Pomalbaiit in the 
mouth of the Southern Fish. To the riglit of this lint;, nearly 
half-way down, is the rather vague constellation of Aquarius, 
where a small equilateral triangb) with a star in tlic centre 
may be noticed. 

The square of Pegasus is not a felicitous illusti’ation of 
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the way in wliicli iho Ixiiindarics of the constellations should 
be defined. There can l)e no Tnorc naturally associated group 
than the four stars of this square, and they ought surely to 
be included in the same constellation. Three of the stars — 
marked a, 7 — do belong to l^cgasus ; but that at tlui fourth 
coi*ner — also marked a — is jdaced in a dillerent figure, known 
as AndroiTKida, whereof it is, indeed, the briglitest member. 
Tlic remaining bright stars of Andromeda ai‘C marked /3 and 7 , 
and tliey are readily identified by producing one side of the 
iSipiare of l^‘ga,sus in a curved direction. Wo have thus a 
r(Mnarkabl(! array of seven stars, which it is both easy to 
identify and easy to nanember, notwithstanding tliat th(?y 
ar(i (tontribut(‘d to by three different constellations. fhey 
ani res])('<4,ively a, i\ and 7 of Pegasus; a, /3, and 7 of 
.Andromeda; and a of l^erseus. The tJiroe form a sort of 
bandits, as it w(a’c, e.xlending from one sid (3 of the s([uarc, 
and are a group both striking in appearance, and useful i)i 
the fui’ther ideni ilicaition of ceh'slial objects. (3 Andi'omeda*, 
with two smaller stars, form the girdle of the unfortunate; 
heroine, 

a Persea lies betweeai two ot-lan* stars {7 and B) of the; same 
eonsUdlation. If avc draw a curve through these thn^e and 
})rol(nig it in a hold swee}), we are' e*e)neluet('el to one; of 
the; g(*nis of the northern heave'iis — the; be‘a,iitiful star 
(Aipe*lla, in Auriga (Pig. S;P). (lose' to Papella ai’e; thn.'e; 
small stai's lorniing an isoseteles trianglej — these are the 
Ibeeli or Kiels. C^iella anel Vega are, witli the (‘.\e;eption 
of Areturus the twe) most brilliant stars in the 
northern heavens ; anel though Vega is probably the more 
lustrous of the; two, yet the opposite opiniem has been enter- 
tained. Ditlcre'.nt eyes will fre^qiicntly form various (istiinate 
ot the redative brilliancy e)f stars which a])])j*e)aeh each other 
in brightness. The difhculty of making a satisfactory eean- 
parison bet-weeai Ve'ga anel (Jape'lla is greatly ine;re‘ase‘el by the 
wiele' elistane'c ill the heavems at which they are se'pai’ateel, as 
well as by a slight* elihere'uce in colour, for \T'ga is elistinctly 
winter than Vapella. This e*e)ntrast betwe.*en the e*olour e)f stars 
is often a source of uncertainty in the attempt to eomxtare 
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tlieir r(‘iative brilliancy: so that when actual nieasurenicnlF 
have to be elTected by instriiniental lueaiis, it is necessary to 
conipare the two stars alternately with sonic object of intcr- 
iM(‘(liale hue. 

On the opposite side of the pole to Capclla, but ii(.)t (piite 
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SO far away, will bo found four small stars in a (juadrilat(‘raL 
Th(‘y form the head of (he Dra^-on, the rest of wbosc‘ form 
coils riLcht round the pole. 

If Ave continue the curve formed by the three stars 7, 
and 8 in Perseus, and if we bend round this curv(i ^ovu'-eiully 
into one of an opjiositc flexion, in the manner shown in F ii^. 
we are first conducted to two other principal stars in hu’seus, 
marked e and 4'. The region of Perseus is one of the richest 
in the heavens. We have here a most splendid portion of 
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the Milky Way, and the field of the telescope is crowded 
with stars Ijeyond nnnd)er. Kvon a small telescope or an 
opera-gljuss directed to this teemiiif,^ (ionstellation cannot fail 
to delii^ht the observer, and (convey to him a ])rofound im- 
pression of the extent f)f the sidereal heavens. We shall give 
in a subsecpicnt paragraph a brief emmieratioti of some of 
the reTiiarkable teles<j()[)ic objects in Perseus. Pursuing in the 
same figure the line e aiid 5*, we arc conducted to the remark- 
able little group known as the Pleiades. 

The Pleiades 1‘orrji a group so universally known and so 

easily identified that it 
hardly seems neeessary 
to give any further 
s[)eciti(^^ insti’ue.tions 
for their discovery. It 
may, how(‘ver, be ob- 
served that in these 
latitudes th(\y cannot 
be seen Ix^lbni mid- 
night during the sum- 
mer. Let us sup])ose 
rSff. St.— Tho Vk'iuios, that the search is nuuh) 

tit jd)out 11 ]).m. tit 

night : on the 1st of Jtinuary* the Pleittdes will be found high 
up in the sky in the soutli-west; on tint 1st of March, tit the 
sjime hour, they will be seiai to be setting in the west. On 
the 1st of May they are not visible; on the 1st of July 
they are not visihh^ ; on the 1st of September they will 
bo seen low down in the etist. On the 1st of November 
they will he high in tlr6 heavens in the south-east. On 
the ensuing 1st of Janutiry the Pleiades will be in the 
same position as they were on the same dati^ in the 
previous year, and so on from year to year. It neiid, per- 
haps, hardly b(* explainiM hovo that these changes are not 
really duo to Tuovements of the constellations; they aro due, 
of (M)urse, to the apparent annual motion of the sun among 
till' stars. 

The Pleiades are shown in the tigure (Fig. 84), where a group 
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to thirty or forty (Galileo saw more than forty with his first 
telescope), while with telescopes of greater power the number 
is largely increased ; indeed, no fewer than 625 have been 
counted with the aid of a powerful telescope. The group is, 
however, rather too widely scattered to make an effective 
telescopic object, except with a large field and low power. 
Viewed through an opera-glass it forms a very pleasing 
spectacle. 

If we draw a ray from the Pole Star to Capella, and [)ro- 
diice it. sufficiently far, as shown in Fig. 85, wo come to 
the great constellation of our winter sky, the splendid group 
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of Orion. The brilliancy of the stars in Orion, the conspic- 
uous bolt, and the telescopic objects which it contains, alike 
render this group remarkable, and place it perhaps at the head 
of the constellations. The leading star in Orion is known either 
as a Orionis, or as Hctclgcuze, by which name it is here desig- 
nated. It lies above the three stars, 8, e, S’, which form the belt. 
Betcigeuzo is a star of the first magnitude, and so also is 
Rigel, on the opposite side of the belt. Orion thus enjoys the 
distimdion of containing two stars of the first magnitude in its 
group, while the five other stars shown in Fig. 85 are of the 
second magnitude. 

The neighbourhood of Orion contains some important 
stars. If we carry on the line of the belt upwards to the 
right, we are conducted to another star of the first magnitude, 
Aldebaran, which strongly resembles Betelgeuze in its ruddy 
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colour. Aldebarari is the brightest star in the constellation 
of Taurus. It is this constellation which contains the Pleiades 
already referred to, and another more scattered group known 
as the Hyades, which can be discerned near Aldebaran. 

The lino of the belt of Orion continued downwards to the 
left conducts the eye to the gem of the sky, the s[)lendid 



Fig. 87. — nio Great Bear and the Lion. 


Sirius, which is the most brilliant star in tlie heavens. It 
has, indeed, been necessary to create a special order of luagni' 
tilde for the reception of Sirius alone; all the other first 
magnitude stars, such as Vega and Capella, Bctelgeuze and 
Aldebaran, coming a long way behind. Sirius, with a few 
other stars of much less lustre, form the constellation of Cards 
Alajor. 

It is useful for the learner to note the large configuration, 
of an irregular lozenge shape, of which the four corners are 
the first magnitude stars, Aldebaran, Betelgeuze, Sirius, and 
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Iligel (Fig. 8')). The bolt of Orion is placed syininetrically 
in the centre of tlic group, and the whole figure is so striking 
that once perceived it is not likely to be forgotten. 

About half way from the Square of Pegasus to Aldebarari 
is the chief star in the Rain — a bright orb of the second 
magnitude; with two others it forms a curve, at the other 
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end ot which will bo found 7 of the same constellation, 
which was the lirst double star ever noticed. 

Wo can again invoke the aid of the Great Rear to point 
out the stars in the constellation of Gemini (Fig. 80). If the 
diagonal joining the stars 8 and ^ of the body of the Bear 
be [)ro(luced in tlio direction oppo.site to the tail, it will lead 
to (hstor and Pollux, two remarkable stars of the second 
magnitude. This same line carried a little further on passes 
near the star Procyon, of the first magnitude, which is the 
only cons})iouous object in the constellation of the Little Dog. 

The pointers in the Great Bear marked a ^ will also serve to 
show the constellation of the Lion (Fig. 87). [f we produce the 
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line joininff them in the direction opposite to that used in 
finding the Polo, we are brought into the body of the Lion. 
This group will be recognised by the star of the first magni- 


THE GREAT BEAR 



BOOTES 


^Arcturus 
/ ''^(Ist. Mag) 


'p Denebola 

THE GREAT LION 


TH^ VjffGIN 


^Spica 


(1st. Mag) 


Fig. 89. — Virgo aiul tho iieiglibouriiig Con-stfllatioiis. 

tiido called Regiiliis. It is one of a scries of stars fonniiif^ 
an object somewhat resembling a sickle : three of the group 
are of the second magnitude. The Sickle has a special claim 
on our notice because it contains the radiant from which as 
already explained (Chapter XVII.) the great shower of Leonids 
diverges. Regulus lies alongside the sun’s highway through tho 
stars, at a point which the luminary passes on the 21st of August. 
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Between Gemini and Leo tlie inconspicuous constellation of 
the Crab may be found ; the most striking object it contains being 
the misty patch called rncsope or the Bee-Hive, which the 
smallest opera-glass will resolve into its component stars. 

I'hc tail of the Great Bear, when prolonged with a con- 
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tinuation of the curve which it possesses, leads to a brilliant 
star of the first magnitude knoAvn as Arcturus, the principal 
star in the constellation of Bootes (Fig. 88). A few other stars, 
marked /3, 7, S, and e in the same constellation, are also shown 
in the figure. Among the stars visible in these latitudes 
Arcturus is to be placed next to Sirius in point of brightness. 
Two stars in the SQutliern hemisphere, invisible in these lati- 
tudes, termed a Centauri and Canopus, arc nearly as bright 
as Vega and (Aipella, but not quite so bright as Arcturus. 

In the immediate neighbourhood of Bootes is a striking 
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semicircular group known as the Crown or Corona Borealis. 
It will be readily found from its position as indicated in the 
ligure, or it may be identified by following the curved line 
indicated by / 8 , S, e, and f in the Great Bear. 

The constellation of Virgo is principally characterised by 
the first magnitude star called Spica, or a Virginis. This 
may be found from the Great Bear; for if the line joining 
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the two stars a and y in that constellation be prolonged with 
a slight curve, it will conduct the eye to Spica. We may here 
notice another of tlnjsc huge configurations whi(;h ar(3 of great 
assistance in the study of the stars. There is a fine eipiilateral 
triangle, whereof Arcturus and Spica form two of the corners, 
while the third is indicated by Dcnebola, the bright star near 
the tail of the Lion (Fig. 89). 

In the summer evenings when the i h'own is overhead, a 
line from the Polo Star through its fainter edge, continued 
nearly to the southern horzion, indicates the brilliant red star 
Cor S'corpioiiis, or the Scorpion's Heart (Antares), which was 
the first star mentioned as having been seen with the telescope 
in the daytime. 

The first magnitude star, Vega, in the constellation of the 
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Lyre, can be readily found at the comer of a bold triangle, 
of which the Pole Star and A returns form the base (Fig. 90). 
The brilliant whiteness of V’^ega will arrest the attention, while 
the small group of neighbouring stars which form the Lyre 
produces one of the best defined constellations. 

Near Vega is iinother important constellation, known as 
the Swan or Cygnus. The brightest star will be identified as 
the vertex of a right-angled triangle, of which the line from 
Vega to the Pole Star is the base, as shown in Fig. 91. There 
arc in Cygnus five principal stars, which form a constellation 
of rath(‘r remarkable form. 

TIic last constellation which we shall here mention is that 
of A([uila or the Kagle, which contains a star of the first 
magnitude, known as Altair; this group can bo readily found 
by a line from Vega over 0 f -ygid, which passes near the lino 
of three stai’s, forming the characteristic part of the Eagle. 

We have taken the opportunity to indicate in these sketches 
of the constellations tluj positions of some other remarkable 
telescopic obje(*.ts, tlu^ description of which we must postpone 
to the following cha|)ters. 
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THE DISTANT SUNS. 


SiriuH Contrasted with tho Sun — Stars can bo Weighed, but not in general 
JMcasured — Tho Companion of Sirius — ^Determination of tlio Weights of 
Sirius and liis Companion —Dark Stars — Variable and Temporary Stars — 
Enormous Number of Stars. 


The splendid pre-eniinenco of Sirius has caused it to I )0 
observed with minute care from the earliest times in the 
liistory of astronomy. Eatdi generation ot astronom(n*s devoted 
time and labour to determine the exact places of tho brightest 
stars in tho heavens. A vast mass of observations as to tlio 
place of Sirius among the stars had thus been accumulated, 
and it was found that, like many 5ther stars, Sirius had what 
astronomers call proper motion. Comparing tho present place of 
Sirius with regard to tho other stars with the place which it 
occupied one hundred years ago, there is a difference of two 
minutes (127") in its situation. This is a small (piantity: it 
is so small that the unaided eye could not see it. Could wo 
now see the sky as it appeared one century ago, we should 
still see this star in its well-known place to the left of 
Orion. Careful alignment by the eye would hardly detect 
that Sirius was moving in two, or even in three or in four 
centuries. But the accuracy of the meridian circle renders 
these minute quantities evident, and gives to them their true 
significance. To the eye of the astronomer, Sirius, instead of 
creeping along with a movement which centuries will not 
show, is pursuing its majestic course with a velocity appro* 
priate to its dimensions. 

Though the velocity of Sirius is about 1,000 miles a minute. 
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vet tliat voloeity is soinctiuics more uiid sometimes less than 
its mean value. To tlie astronomer lliis fact is pregnant 
with information. Were Sirius an isolated star, attended only 
by planets of comparative insignificance, there could be no 
irregularity in its motion. If it Avere once started ivith a 
velocity of 1,000 miles a minute, then it must preserve that 
velocity. Neither the lapse of centuries nor the mighty length 
of the journey could alter it. The path of Sirius would be 
inflexible in its dii'oction ; and it Avould be traversed Avith un- 
alterable velocity. 

The fact that Sirius had not been moving uniformly Avas 
of such interest that it arrested the attention of Bessel Avhen 
he discovered the irregularities in 1844. Believing, as Bessel 
did, that there must be some adequate cause for these dis- 
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turbanccs, it was hardly possible to doubt what the cause must 
be. When motion is disturbed there must be force in action, 
and the only force at present recognised in such cases is 
that known as gravitation. But gravity can only act from 
one body to another body; so that when we seek for the 
derangement of Sirius by gravitation, we are obliged to 
suppose that there must be some mighty and massive body 
near Sirius. The question was taken up again by Peters and 
by Auwers, who were able to discover, from the irregularities 
of Sirius, the nature of the ])ath of the disturbing body. 
They were able to show that it must revolver around Sirius 
in a ])eriod of about fifty years, and aUhough they could not 
tell its distance from Sirius, yet they were able to point out 
the direction in whiclnit must lie. Fig. 92 shows the orbit 
of Sii'ius as given by Mr. Burnham, of Yerkes Observatory. 

The detection of the attendant, of Sirius, and the Tueasures 
which have made thereon, ejial)le us to di‘termine the 

weight of this famous star. Let us a.tt(‘mpt to illustrate this 
sul)j(‘.ct. It must, no doubt, he admitted that the numerical 
estimates we ('inploy have to Ik' i-(^ceive<l with a c('rtain degree 
of caution. The companion of Sirius is a difficult object to ob- 
serve, and previous to 1(S9() it had only been followed througli an 
arc of 90 '. We are, thcirefore, hardly as yet in a position to 
speak with absolute accuracy as to the periodic*, time in which 
the companion completes its revolution. We may, however, take 
this time to be fifty-two years. We also know the distance 
from Sirius to his companion, and Ave m<ay take it to be 
about twenty-one times the distance from the earth to the 
sun. It is useful, in the first place, to compare the revolu- 
tion of the companion around Sirius with the revolution 
of the planet Uranus around the sun. Taking the earth’s 
distance as unity, the radius of the orbit of Uranus is about 
nineteen, and Uranus takes eighty-four years to accomplish a 
complete revolution. We have no planet in the solar system 
at a distance of twenty-one; but from Kepler’s third hw it 
may be shown that, if there were such a planet, its periodic 
time Avould be about ninety-nine years. We have now the 
necessary materials for making the comparison between the 
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mass of Sirius and the mass of the sun. A body revolving 
around Sirius at a certain distance completes its journey in 
tifty-two years. To revolve around the sun at the same distance 
a body should complete its journey in ninety-nine years. The 
quicker the body is moving the greater must be the centrif- 
ugal force, and the greater must bo the attractive power of 
the central body. It can be shown from the principles of 
dynamics that the attractive power is inversely proportional to 
the square of the periodic time. Accordingly, the attractive 
power of Sirius must bear to the attractive power of the sun the 
proportion which the square of ninety-nine has to the square 
of lifty-two. As the distances are in each case supposed 
to be equal, the attractive powers will be proportional to the 
masses, and hence we conclude that the mass of Sirius, to- 
gether with that of his coiiq3anion, is to the mass of the sun, 
in the ratio of three and a half to one. We had already learned 
that Sirius was much brighter than the sun ; now wo have 
learned that it is also much more massive. 

Before wo leave the consideration of Sirius, there is one 
additional point of very great interest which it is necessary 
to consider. There is a remarkable contrast between the 
brilliancy of Sirius and his companion. Sirius is a star 
far trans(jending all other stars of the first magnitude, while 
his companion is extremely faint. Kven if it were completely 
withdrawn from the dazzling proximity of Sirius, the com- 
panion would be a small star of only the eighth or ninth 
magnitude, far below the limits of visibility to the unaided 
eye. To put the matter in numerical language, Sirius is 5,000 
times as bright as its companion, but only about twice as 
heavy! Here is a very great contrast; and this point will 
appear even more forcible if we contrast the companion of 
yirius with our sun. The companion is slightly heavier than 
our sun; but in spite of its slightly inferior bulk, our sun 
is much more powerful as a light-giver. One hundred of the 
companions of Sirjus would not give as much light as our 
sun ! This is a result of very considerable significance. It 
teaches us that besides the great bodies in the universe Avhich 
attract attention by their brilliancy, there are other great bodies 
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which have but little brilliancy. Indeed it is certiiin that 
some of them possess none at all. This suggests a greatly 
enhanced conception of the majestic scale of the universe. 
It also invites us to the belief that the universe which we 
behold bears but a small ratio to the far larger part which 
is invisible in the sombre shades of night. In the wide extent 
of the material universe wo have hero or there a star or a 
mass of gaseous matter sufhcaently lieated to be luminous, 
and thus to become visible from the earth ; but our observa- 
tion of these luminous points can tell us little of the remaining 
contents of the universe. 

The most celebrated of all the variable stars is that 
known as Algol, whose position in the const.ellation of IVrseus 
is shown in Fig. KL This star is conveniently placed for 
study, being visible every clear night in our latitude, and 
its interesting changes can be observed Avithout any telescopic 
aid. Fvoryone Avho desires to become acquainted with the 
great truths of astronomy should be able to recognise this 
star, and should have also followed it during one of its periods 
of change. Algol is usually a star of the se(*()nd magnitude; 
but in a period between two and three days, or, more accairately. 
in an interval of 2 days 20 hours 4(S minutes and 55 seconds, 
its brilliancy goes through a most rei])arkable cycle of varia- 
tions. The scries commen(*cs with a gradual decline of the 
star’s brightness, Avhich in the course of four and a half 
hours falls from the second magnitude down to the fourth. 
At this lowest stage of brightness Algol remains for about 
twenty minutes, and then begins to increase, until in three 
and a half hours it regains the second magnitude, at which 
it. continues for about 2 days 12 hours, when the same series 
commences anew It seems that the period re(jiiired l)y 
Algol to go through its changes is itself subject to a slow 
but certain variation. VVe shall sec* in a following chapter 
how it has been proved that the variability of Algol is due 
to the occasional interposition of a dark companion which 
cuts off* a j)art of the lustre of the star. All the circumstances 
can thus he accounted for, and even the weight and the 
size of Algol and its dark companion be determined. 
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There are, however, other classes of variable stars, the 
fluctuation of whose light can hardly be due to occasional 
obscuration by dark bodies. This is particularly tlie case Avith 
those variables Avhich are generally faint, but now and then 
flare up for a short tiiin., after w^iich temporary exaltation 
they again sink down to their original condition. The periods 
of such changes arc usually from six months to two years. 
The best known example of a star of this class was discovered 
more than three liundrcd years ago. It is situated in the 
constellation Cetus, a little south of the eejuator. This object 
was the earliest known case of a variable star, except the 
so-called terni)orary stars, to which Ave shall presently refer. 
The variable in Cetus received tlie iiaiiie of Mira, or the 
Avondcrfii]. The period of the fluctuations of Mira Ceti is 
about eleven months, during the greater part of Avhich time 
the star is of the ninth magnitude, and consccpicntly invisible 
to tluj naked eye. When tlie proper time has arriA^cd, its 
brightn(‘ss begins to increase rather suddenly. It soon becomes 
a conspanious object of the second or third magnitude. In this 
condition it remains for eight or ten days, and then declines 
more slowly tlian it rose until it is reduced to its original 
faintness, about three hundred days after tlie rise commenced. 

More striking to the general observer than the ordinary 
variable strirs are the temporary stars Avhich on rare oc(^asioiis 
suddenly make their appearance in the heavens. The most 
famous object of this kind Avas that Avhich blazed out in the 
beginning of November, 1572, and Avhich when first seen Avas 
as bright as V'cmis at its maximum brightness. It could, 
indeed, be seen in full daylight by sharp-sighted people. As 
far as history can tell us, no other temporary star has ever 
been so bright as this one. It is specially associated with 
the name of Tycho Brahe, for although he Avas not the 
discoverer, he made the best observations of the object, and 
he proved that it Avas at a distance comparable Avith that of 
the ordinary fixed stars. Tycho described carefully the gradual 
decline of the Avonderful star until it disappeared from his view 
about the end of March, 1574. The telescopic aid to vision, by 
Avhich it could have been folloAved further, had not yet 
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been invented. During the decline tlie colour of the object 
gradually changed; at first it was white, and by degrees 
became yellow, and in the spring of 1573 reddish, like Aide- 
baran. About May, 1573, we arc told somewhat enigmatically 
that it “became like lead, or somewhat like Saturn,” and so 
it remained as long as it was visible. What a fund of informa- 
tion our modern spectroscopes and other instruments would 
now accumulate if so magnificent a star were to burst out in 
these modern days ! 

But though we have not in our own times been favoured 
with a view of a temporary star as splendid as the one seen 
by Tycho Ih’ahe and his contem])oraries, it has been our 
privilege to witness several minor outbursts of this kind. It 
seems likely that we should possess more reciords of temporary 
stars from former times if a better watch of the heavens hatl 
been kept. That is at any rate the impression recciv'cd when 
wo note how several modern stars of this kind have nearly 
escaped us altog(Hlier, notwithstanding the great number of 
telescopes which art‘. now point ( kI to the sky on ('very cl(.‘a]* 
night. 

In 18t)G a star of the st^cond magnitude suddc'uly 
appeannl in tlie (ainstellation of -the crown ((.-orona Borealis). 
It was first seen on the 12th May, and a tew days after- 
wards it began to fade away. Argelander’s maps of the 
northern heavens had Ix.mmi piiblisluid some years pnnnously. 
and when tli(3 position of the new star had been ataairately 
determined, it was found that it was identieiil with an in- 
significant looking stai* marked on one of the maps as of the 
9i magnitude. The star exists in the same spot to this day, 
and it is of the same magnitude as it was prior to its 
spasmodic outburst in 18G6. This was the first new star 
which was specjtroscopically examined. Wo sliall give in 
Chapter XXI II. a short account of the features of its 
spectrum. 

The next of these temporary bright stars, Nova Cygni, 
was first seen by Julius Schmidt at Athens on the 24th 
November, 1876, when it was between the third and fourth 
magnitudes, and he maintains that it cannot have been 
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conspicuous four days earlier, Avhen ho was looking at the 
same constellation. My some inadvertence the news of the 
discovery Avas not ])ropcrly (circulated, and the star was not 
observed elsewhere for about ten days, when it had already 
become considerably fainter. The d(‘crease of brightness went 
on very slowly ; in October, 1877, the star was only of the 
tenth magnitude, and it continued getting fainter until it 
rca(!h(^d the iiftoenth magnitude; in other words, it became a 
minute telescopic star, and it is so still in the very same 
spot. As this star did not ivach the first or second magni- 
tude it would probably have esc.aped notice altogether if 
S(ilmiidt had not happened to look at tlie Swan on that 
parti(iular evening. 

We are not so likely to miss seeing a new star since 
astronomers have pressed the jdiotographic. camera into their 
sei’vice. This became evident in 1<S92, when a notable con- 
spicuous tcmpoi'ary star appeared in Auriga. On the 24th 
January, Dr. Anderson, an astronomer in Edinburgh, noticed 
a yellowish star of the tifth magnitude in the (MUistellation 
Auriga, and a week later, when h(‘ had c.om pared a star- 
ma]) with the heavens and made sure that the object Avas 
really a new star, he made his discovery pul.)li(‘. In the case 
of this star we anc able to fix fairly closely the moment 
whtai it lirst blazed out. In the course of the regular photo- 
graphic survey of the heavens undertaken at the Harvard 
College Observatory ((Jambridge, Massachusetts) the region of 
the sky Avhere the new star appeared had been photographed 
on thirteen nights from October 21st to December 1st, l(Sf)l, 
and on twch^e nights from December lOth to January 20th, 
1802. On the tirst S(Ties of plates there Avas no trace of the 
Nova, Avhile it Avas visible on the xciy tirst plate of the 
second series as a star ^)^ the fifth magnitude. Fortunately 
it turned out that Professor Max Wolf of Heidelberg, a 
most successful (‘elesthil photographer, had photographed 
the same region on the 8tli December, and this photograph 
does not show the star, so that it cannot on that night have 
been as bright as the iiinth magnitude. Nova Auriga must 
therefore have flared up suddenly betAveen the 8th and the 
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lOth December. The decrease of the brightness was very 
irregular. At the end of April the star was seen as an 
exceedingly faint one Avith the great Lick Kcfractor. In the 
following August the Nova had risen nearly to the tenth 
magnitude, after which it gradually became extrenielv faint 
again. 

The ncAv star which appeared in Perseus in February, 
1901, attained a greater brightness than any of the otlier 
new stars of modern times. It Avas for some time of the first, 
magnitude, and the course of its fluctuating decline Avas ])ar- 
allel to that of tla^ Nova just described. Still more recently 
anotlu'r new star Avas discoA’cred in Gemini by Professor 11. 11. 
Turner. 

Tlui tom[)()rary and the A’ariable stars form but a v('ry 
small section of the A’ast number of stars Avith which the 
vault of the heavens is studded. That the sun is no more 
than a star, and the stai's are no less than suns, is a 
cardinal do(;lrinc of astronomy. The imposing magnitieence 
of this truth is only realised when avo attem])t to estimate 
the countless myriads of stai’s. This is a problem on Avhich 
our calculations arc necessarily vain. Let us, therefore, in- 
voke the aid of the poet to attempt to express the innumer- 
able, and conclude this chapter Avith the following lines of 
Mr. Allingham ; — 


■‘IJut number every of saiul, 

Wlierever salt wa\e touclios land; 

Number in siug-le drops the sea ; 

Number llit; loaves on every tiee, 

Nurnlxn' earth’s living creatures, all 
That run, that lly, that swim, that crawl ; 
Of sands, drops, leaves, and lives, the count 
Add up into one vast amount, 

And then for every separate one 
Of all those, let a flaming sun 
AA'liirl in the boundless skies, with each 
Its massy planets, to outreach 
All sight, all thought : for all we see 
Encircled with infinity, 

Is but an island.” 


C C 
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DOUBLE STAILS. 

Jut t lost inpf Stelhir Objects — Stars Optically Double — 'J'hr' (heat T)iscovory of 
tli<! liinary Stars maclo by Ib-rscbol -1'ho Ibiiary Stars describe KIliptic 
Tatbs — Wliy is this so important? — Tin* Law of Gravitation —Special 
Itoublo Stars — C^astor — ]\Iizar~Tlic Coloured Doiilde Stars — j3 Cyg:nj. 

Tiik sideretil heavens contain feAv nioro interesting^ objecis 
for the telescope than can be found in tlie nuiueroiis class 
of doidde stars. They are to be counted in thousands; in- 
deed, ^iiuciiy thousands can bo found in the (?atalogues devoted 
to this special branch of astronomy. Jlost of these objects 
ai'(', no doubt, small and comparatively uninteresting, but 
some of them are among the most conspicuous stars in the 
lieav(ms, smdi as Sirius, whose system wc have already 
d(‘scril)ed. Wc shall in this brief acaajiml select for s])ecial 
discussion and illustration a few of ilie morci remarkable 
double stars. Wc shall partumlarly notice some of those 
that can be readily observed with a small telescope, and Ave 
have indicated on the sketches of the constellations in a 
])revious chapter liow the jiositions of these objects in the 
lieavons can be ascertained. 

It had been shown by (^issini in lOTS that certain stars, 
Avhich appear(?d to the unaided eye as single points of liglit, 
n'ally consisted of two or more stars, so close together that 
the telescope AA^as required for their seim'ation.'^ The number 
of those objects was gradually increased by fresh discpvcries, 
until in 17S1 (Hio same year in Avhich Herschel discovered 
Uranus) a list containing eighty double stars Avas ]niblishcd 


Ilooko had noticed, in 1004. that the star Gamma Arictis was double. 



DOUBLE STARS. 


435 


by the astronomer Bode. These interesting objects claimed 
the attention of Ilerschcl during his memorable researches. 
The list of knoAvn doubles ra})idly swelled. nerschel’s dis- 
coveries arc to be enumerated by hundreds, while he also 

commenced systematic measurements of the distance by 
which the stars were sc])arated, and the direction in which 
the line joining them pointed. It was these measurements 
which ultimately led to one of the most important and in- 
structive of all Hcrschers discoveries. When, in the ('ourse 
of years, his observations Avcrc repeated, Herschel found 
tliat in some cases the relative ))osition of the stars had 
changed. He was thus led to the discovery that in many 

of the double stars the components are so related that they 

revolve around each other. Mark the ini])orlaiice of this 
result. We juust remember that the stars are suns, (‘ompar- 
able, it may be, with our sun in magnitude: so that hero 
we have the astonishing spectacle of j)airs of suns in 
mutual revolution. 'Jliere is nothing very surprising in the 
fact that movements should be observed, ibr in all probability 
every body in the universe is in motion. It is th(‘ particular 
character of the movement which is specially interesting 
and instructive. 

It had becin imagined that the proximity of (he two stars 
forming a double must be only accidental. It was thought 
that amid the vast host of stars in tlic heavens it not un- 
frequently lia])])ened that one star was so nearly behind another 
(as seen from the earth) that when the two w(‘rc viewed in 
the telescope they produced the ellect of a double star. No 
doubt many of the so-called double stars arc [)roducod in 
this way. TTerschers discovery shows that this explanation 
will not always answer, but that in many cases wo regally have 
tAvo stars close together, and in motion round their common 
centre of gravity. 

AVhen the measurements of the distances and the [)ositions 
of double stars had been accumulated during many years, 
thc}^ were taken over by the matlKmiaticians to be treated 
by their methods. There i.s one ])eculiarity about double 
star observations : they have not — they cannot have — the 
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accuracy wlmli the computer of an orbit demands. If the 
distance between the pair of stars forming a binary be four 
seconds, tln^ orbit Ave liave to scrutinise is only as large as 
the apparent size of a penny-piece at the distance of one 
mile. It AV()uld require very careful measurement to make 
out the form of a ])enny a mile oh‘ even Avith good telescopies. 
If tli(‘ ])eimy Avero tilted a little, it Avould appiear, not circular, 
but oval ; and it Avould be piossible, by measuring this oval, 
to di'terniine hoAV much the pjcnny Avas tilted. All this requires 
skilful work : the errors, viewed intrinsically, may not be 
great, but vioAved Avith reference to the Avholc size of the 
quantities under consideration, they are very apipreciable. 
We therefore find the errors of obseiwatiou far nioi-e piromi- 
nerit in observations of this class than is generally the case 
Avhen the mathematician assumes the task of discussing the 
labours of the observer. 

Tlu' interpretation of Herschers discovery Avas not acconi- 
jdished by himself ; the light of mathematics Avas turned on 
his observations of the binary stars by SaA^ar}', and afterAvards 
by other mathematicians. Under their searching enquiries the 
erroi’s of the measurements Averc disclosed, and the observations 
Avere |)uritied from the grosser j)art of their inaccuracy. Mathe- 
maticians could then ap){)ly to their corrected materials the 
methods of enquiry Avith Avhich they Avere familiar ; they could 
deduc(‘ Avith lair p^rccision the actual shapAC of the orbit of 
the binary stars, and the position of the p)lane in Avhich that 
orbit is contained. The result is not a little remarkable. It 
has i)een proved that the motion of each of the stars is 
performed in an ellipse Avhich contains the centre of gravity 
of the two stars in its focus. This has been actually shoAvn 
to be true in many binary stars ; it is believed to be true in 
all. But Avhy is this so important? Is not motion in an 
ellipse common enough ? Hoes not the earth revolve in an 
ellipse round the sun? And do not the p)lanets also revolve 
in ellip-)ses ? 

It is this veVy fact that elliptic motion is so common in 
the planets of the solar system Avhich renders its discovery in 
binary stars of such importance. From Avhat does the elliptic 
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motion in the solar system arise ? Is it not due to the law 
of attraction, discovered by Newton, which states that every 
mass attracts every other mass with a force whi(‘h varies 
inversely as the square of the distance? That law of attraction 
had been found to pervade the whole solar systeu), and it 
explained the movements of the bodies of our system with 
surprisine^ exactitude. Jhit the solar system, consisting of tlie 
sun, and the planets, with their satellites, the comets, and a 
host of smaller bodies, formed merely a little island group 
in the universe. In the economy of this tiny cosmictal island 
the law of gravitation reigns supreme; before Ilerschers dis- 
covery we never could have known whether that law was not 
merely a piece of local legislation, specially contrived for the 
exigencies of our particular system. This discovery gave us 
the knowledge which we could have gained from no other 
source. From the binary stars came a whisper across tho 
vast abyss of space. That whisper told us that the law of 
gravitation Avas not peculiar to the solar system. It told us 
the law extended to the distant shores of the abyss in 
Avhich our island is situated. It gives us grounds for believing 
that the law of gravitation is obeyed througliout the length, 
breadth, and depth of the entire visible universe. 

One of the finest binary stars is that known as Castor, 
the brighter of the two principal stars in the constellation of 
Gemini. The position of Castor on the heavens is indicated 
in Fig. 86, page 418. VieAved by the unaided eye, Castor re- 
sembles a single star ; but it is found with a moderately good 
telescope that what seems to be one star is really tAvo separate 
stars, one of Avhich is of the third magnitude, Avhile the other 
is someAvhat less. The angular distance of these two stars 
in the heavens is not so great as the angle subtended by a 
line an inch long vieAved at a distance of half a mile. Castor 
is one of the double stars in Avhich the components have 
been observed to possess a motion of revolution. Tho 
movement is, hoAvever, extremely sIoav, and the lapse of 
centuries Avill be required before a revolution is coinpletely 
effected. 

A beautiful double star can be readily identified in the 
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constellation of Ursa Major (see Fig. 80, page 410). It is 
known as Mizar, and is the niiddlo star (f) of tlie three 
which form the tail. In the close neighbourhood of ]\Iizar 
is the small star Alcor, which can be readily seen with the 
unaided eye; but Avheii wo speak of Mizar as a double star, 
it is not to b(i understood that Alcor is one of the components 
of the double. Under the magnifying power of the telescope 
Alcor is s(H3n to be transferred a long way from Mizar, while 

Mizar itself is split up into two suns close together. These 

coiu))onents are ot the second and the fourth magnitudes 

respeethely, and as the apparent distance is nearly three 
times as great as in (lastor, they arc observed with facility 
in even a small telescope. This is, indeed, the best double 
star in the heavens for the beginner to commence his observa- 
tions upon. AVo cannot, however, assert that Alizar is a binary, 
inasmu(U as observations have not yet established the existence 
of a motion of revolution. Still less arc we able to say whether 
Alcor is also a nieinber of the same group, or whether it 

may not juerely be a star which hap})cns to fall nearly in 
the line of vision. Recent spectroscopic observations have 
shown that the larger component of Mizar is itself a double^ 
consisting of a ])air of suns so close together that there is 
not the slightest possibility of their ever being seen se])arately 
by the most powerful telescope in the world. 

A j)leasiiig class of double stars is that in which we have 
the remarkable phenomenon of colours, differing in a striking 
degree from the colours of ordinary stars. Among the latter 
we find, in the great majority of cases, no very characteristic 
hue; some ai-(', however, more or less tinged with red, some 
arc decidedly ruddy, and some are intensely red. Stars of 
a bluish or greenish colour arc much more rare,* and when 
a star ol' this character docs occur, it is almost invariably 
.as one of a pair which form a double. The other star of the 
double is sometimes of the same hue, but more usually it 
is yellow or ruddy. 

* Torhaps it’ \vc could view the stars without the intervention of the atmosphere, 
hluo stare would he more common. The absorption of the atmosphere specially 
affc'ctathe greenish and bluish colours. Trofessor Langley gives us good reason for 
believing that tlie sun itself would be blue if it were not for the eU'ect of the ah*. 
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One of the loveliest of these objects, which lies within 
reach of telescopes of very moderate pretensions, is that 
found in the constellation of the Swan, and known as ^ 
Cygni (Fig. 91). This cxcpiisito object is com])oscd of two 
stars. The larger, about the third magnitude, is of a 
golden-yellow, or topaz, colour; the smaller, of the sixth 
magnitude, is of a light blue. These colours arc nearly 
complementary, but still there can be no doubt that the 
eft’ect is not merely one of contrast. That these two stars 
arc both tinged Avith the hues Ave liave stated can be 
shown by hiding each in suec('Ssion behind a bar placed in 
die field of view. It has also been confirmed in a very 
striking maniK.a- by spectroscopic investigation ; for avc sec 
that the blue star has exporiciujcd a special absorption of 
the red rays, while tlic more ruddy light, of th(i other star 
has arisen from tlu? absorption of the blue rays. The con- 
trast of th(3 colours in this object can often be very effectively 
seen by putting the eye-piece out of focus. The discs thus 
produced show the contrast of colours better than Avhen the 
tclescjope exhibits merely two stellar points. 

Su(di are a few of these double and multiple stars. Their 
numbers arc being annually augmented ; indeed, one ob- 
server — Professor lJurnham, formerly on the staff of the Lick 
Observatory, and noAv asrronomer in the Yerkes ObserA^atoiy — 
has added by his own researches more than 1,000 new doubles 
to the list of those prcAuously knoAvn. 

The interest in this class of objects must necessarily be 
increased Avhen avc reflect that, small as the stars appear to 
be in our telescopes, they are in reality suns of great size 
and s])lendour, in many cases rivalling our own sun, or, per- 
haps, even surpassing him. AVhether these) suns have planets 
attending upon them avc cannot tell ; the light rellccted from 
such planets Avould be utterly inadequate to the penetratie)n of 
the vast extent of space Avhich separates us from the stars. 
If there bo planets surrounding these objects, then, instead 
of a single sun, such planets Avill bo illuminated by two, or, 
perhaps, even more suns. What Avondrous effects of light 
tand shade must be the result ! Sometimes botli suns Avill be 
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above the horizon together, sometimes only one sun, and 
sometimes both will be absent. Especially remarkable would 
be the condition of a planet whose suns were of the coloured 
type. To-day we have a red sun illuminating the heavens, 
to- morrow it would be a blue sun, and, perhaps, the day 
after both the red sun and the blue sun wilJ be in the firma- 
ment together. What endless variety of scenery such a thought 
suggests ! There are, however, grave dynamical reasons for 
doubting whether the conditions under which such a planet 
would exist could be made compatible with life in any degree 
resembling the life with which we are familiar. The problem 
of the movement of a planet under the influence of two suns 
is one of the most diflicult that has ever been proposed to 
mathematicians, and it is, indeed, impossible in the present 
state of analysis to solve with accuracy all the questions 
which it implies. It seems not at all unlikely that the dis- 
turbances of the planet’s orbit would be so great that it 
would bo exposed to vicissitudes of light and of temperature 
far transcending those experienced by a planet moving*, like 
the earth, under the supreme control of a single sun. 
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THE DISTANCES OF THE STARS. 

Sounding-line for Space — The Labours of Bessel — Meaning of Annual Barallax 
— IMinutencss of the Parallactic Ellipse Illustrated— The Case of G1 Cygni — 
— Dilferent Comparison Stars used — The Proper ^lotion of the Star — Struve’s 
Investigations — Can they ho Reconciled? — Researches at Dunsink — Conclusion 
obtained — Accuracy which such Observations admit Examined — The Proper 
Motion of Gl Cygni — The Porinanenco of the Sidereal Heavens — The New 
Star ill Cygnus — Its History — Ko Appreciable Parallax — A Mighty Outburst 
of Light — The Movement of the Solar System through Space — Uerscliel’s 
Discovery — .lourncy towards Lyra— Probabilities. 

We have long known the dimensions of tlie solar system with 
more or less accuracy. Our knowledge includes the distances 
of the planets and the comets from the sun, as well as their 
movements. We have also considerable knowledge of the 
diameters and the masses of many of tlie diherent bodies 
which belong to the solar system. We have long known, in 
fact, many details of the isolated group nestled together under 
the protection of the sun. The jiroblcm for consideration in 
the present chapter involves a still grander survey than is 
required for measures ^f our solar system. AVe propose to 
carry the sounding-lino across the vast abyss which separates 
the group of bodies closely associated about our sun from the 
other stars which are scattered through the realms of space. 
For centuries the great problem of star distance has engaged 
the attention of those who have studied the heavens. It 
would-be impossible to attempt here even an outline of the 
various researches which have been made on the subject. In 
the limited survey which we can make, we must glance first 
at the remarkable speculative efforts which have been directed 
to the problem, and then we shall refer to those labours which 
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have introduced the problem into the region of accurate 
astronomy. 

No attom])t to solve the problem of the absolute distances 
of the stars was successful until many yciirs after Herschel’s 
labours were cLjsed. Fresh generations of astronomers, armed 
with fresh a[)pliaiices, have for many years pursued the 
subject with unremitting diligence, but for a long time the 
effort seemed ho]:)eless. The distances of the stars were so 
great that they could not be ascertained until the utmost 
refinements of mechanical skill and the most elaborate 
methods of mathematical calculation were brought to con- 
verge on the difficulty. At last it was found that the 
problem was beginning to yield. A lew stars have been 
induced to disclose the secret of their distance. \Vc arc able 
to give some answer to the question — How far are the stars ? 
though it must be confessed that our reply up to the present 
moment is both hesitating and imperfect. Even ,the little 
knowledge which has been gained possesses intcnjst and 
importance. As often happens in similar cases, the discovery 
of the distance of a star was made independently about the 
same time by two or three astronomers. The name of llcssel 
stands out conspicuously in this memorable chapter of 
astronomy. Ilessel proved (1840) that the distance of the 
star known as (jl (’ygni Avas a measurable quantity. TTis 
demonstration possessed such unanswerable logic that uni- 
versal assent could not be Avithheld. Almost simultaneously 
with the classical labours of Hessel we have Struve’s measure- 
ment of the distanc(i of Vega, and Henderson’s determination 
of the distance of the southern star a Centauri. Great interest 
was e.\cited in the astronomical Avorld by these discoveries, 
and the Royal Astronomical Society awarded its gold medal 
to Ressel. Tt appropriately devolved on Sir John Herschel 
to deliver the address on the occasion of the presentation of 
the medal: that address is a most elo([uent tribute [o the 
labours of th(^ three astronomers. We cannot resist quoting 
the few lines in Avhich Sir John said : — 

“ Gentlemen of the Royal Astronomical Society, — I con- 
gratulate you and myself that we have lived to see the great 
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and hitherto impassable barrier looiir excursion into the sidereal 
universe, that i)arrier against which we have chafed so long 
and so vainly — (csf lumtes (tnrjusto limlte miindi — almost 
simultaneously overleaped at three dtiferent points. It is the 
greatest and most glorious triumph which pra('ti(*,al astronomy 
has ever witnessed. Perhaps I ought not to s])eak so strongly ; 
perhaps I should hold some reserve in favour of the bare 
possibility that it may be all an illusion, and that future 
researches, as they have repeatedly before, so may now fail 
to substantiate this noble n'sult. But 1 confess myself unequal 
to such prudence under such excitement. liOt us rather 
accej)! the joyful oimais of the time, and trust that, as the 
barrier has begun to yield, it will speedily be elfectually 
prostrated.” 

Before ^^rocceding jiirther, it Avill be convenn'ent to explain 
briefly how the distaiu^e of a. star can be nu'asunjd. The 
problem is one of a wholly diflerent (character from that of 
the suns distance, wlii(;b we hav(^ already discussed in these 
pages. The observations for the di'termination of st cellar 
parallax are founded on tlu5 familiar truth that the earth 
rcvol\X‘S around tb(^ sun. \\\) may for our present purpose 
assume that the ('arth revolves in a (‘.inndar ])ath. The centre 
of that path is at the c(‘ntre of the sun, and the radius of 
the path is 02,1)00,000 miles. Owing to our position on the 
earth, we observe the stars from a point of view which is 
constantly changing. In summer the earth is 1<S5,SOO,000 
miles distant from the position Avbich it occupies in 
winter. It follows that the apparent ])ositions of the stars, 
as projected on the background of tlu^ sky, must present 
corresponding changes. AVe do not now mean that the 
actual positions of the stars are really disj)laced. The changes 
are only apparent, and while oblivious of our own najtion, 
whi(di produces the dis[)lacements, we attribute the changes 
to the* stars. 

On tlie diagram in Fig. 1)3 is an ellipse Avith certain months 
— viz., Januarjg April, July, October — marked upon its (h’cum- 
ference. Tltis ellipse may be regarded as a miniature picture 
of the earth’s orbit around the sun. In January tlie earth 
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is at the spot so marked ; in April it has moved a quarter 
of the whole journey; and so on round the whole circle, re- 
turning to its original position in the course of one year. 
When we look from the position of the earth in January, we 
sec the star a projected against the point of the sky marked 1. 
Three inonths later the observer with his telescope is carried 
round to Aj)ril; but he now sees the star projected to the 
position marked 2. Thus, as the observer moves around the 
whole orbit in the annual revolution of the earth, so the star 



appears to move round in an ellipse on the background of 
the sky. In the technical language of astronomers, wo speak 
of this as the parallactic ellipse, and it is by measuring the 
major axis of this ellipse that we determine the distance of 
the star from the sun. Half of this major axis, or, what 
comes to the same thing, the angle which the radius of the 
earth’s orbit subtends as seen from the star, is called the 
star’s ‘'annual parallax.” 

The Hgiire shows another star, b, more distant from the 
earth and the solar system generally than the star previously 
considered. This star also describes an elliptic path. We 
cannot, however, fail to notice that the parallactic ellipse 
belonging to b is much smallei than that of a. The 
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difference in the sizes of the ellipses arises from the 
different distanecs of the stars from the cartli. The 
nearer the star is to the earth tlio greater is the ellipse, so 
that the nearest star in the heavens will describe the largest 
ellipse, while the most distant star will describe the smallest 
ellij^se. We thus see that the distance of the star is in- 
versely proportional to the size of the ellipse, and if wo 
measure the angular value of the major axis of the ellipse, 
then, by an exceedingly simple mathematical calculation, 
the distance of the star can be expressed as a multiple of a 
radius of the earth’s orbit. Assuming that radius to bo 
92,900,000 miles, the distance of the star is obtained by 
simple arithmetic. The ditficulty in the process arises from 
the fact that those ellipses are so small that our micrometers 
often fail to detect them. 

How shall we adequately describe the extreme minute- 
ness of the parallactic ellipses in the case of even the nearest 
stars ? In the technical language of astronomers, we may 
state that the longest diameter of the ellipse never subtends 
an angle of more than one and a half seconds. Tn a sonui- 
what more pojmlar maimer, we would say that one thousand 
times the major axis of tlie very largest parallactic ellijise 
would not be as great as the diameter of the full moon. For 
a still more simple illustration, let us endeavour to think of 
a penny-piece placed at a distance of two miles. If looked 
at edgewiiys it will be linear, if tilted a little it would be 
elliptic ; but the ellipse would, even at that distance, bo 
greater than the greatest parallactic ellipse of any star in 
the sky. Sup230se a sidiere descrihed around an observer, 
with a radius of two miles. A pcnny-j^iece could be placed on 
this spheie, in front of each of the stars, so that every parallactic 
ellipse would be totally concealed. 

The star in the Swan known as GI Cygni is not remarkable 
either for its size or for its brightnes.s. It is barely visible to 
the unaided eye,Mand there are some thousands of stars which 
are apparently larger and brighter. It is, however, a very 
interesting example of that remarkable class of objects known 
as double stars It consists of two nearly equal stars close 
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togetlicr, and evidently connected by a bond of mutual attrac- 
tion. The attention of astronomers is also specially directed 
towards the star by its large proper motion. In virtue of 
that proper motion, the two components are carried together 
over the sky at the rate of live seconds annual 1}^ A proper 
motion of this magnitude is extremely rare, yet wo do not 
say it is unj)aralleled, for there are some few stars which 
have a proper motion even more ra])i(l; but the remarkable 
(lui)lex character of (J1 Cygni, combined with the large proper 
motion, render it an unique object, at all events, in the 
northern hemisphere. 

Wlien .Bessel pi'oposed to undertake the great research with 
which his name will be for ever connected, he dot.ermincd to 
devote one, or two, or three years to the continuous observa- 
tions of one star, with the view of measuring carefully its 
parallactic ellipse. How was he to select the object on which 
so much labour was to be expended ^ It was all-important 
to choose a star which should prove suliiclently near to 
reward his efforts by exhibiting a measurable parallax. Yet 
he could have but little more than* surmise and analogy 
as a guide. It occurred to him that the exceptional 
features of (il Cygni afforded the necessary presumption, 
and h(' determiiu'd to ap])ly the process of observation 
to this star, lie devoted the greater j^art of three yi'ars to 
the work, and succeeded in discovering its distance from 
the earth. 

Since the date of Sir John ITcrsclud’s address, (H Cygni 
has received the devoted and scarcely nauitled attention of 
astronomers. In faej, we might say that each succeeding 
generation undertakes a new discussion of the distance of 
tliis star, with the view of contirming or of criticising the 
original discovery of Ecssel. The diagram hero given 
(Fig. J)4) is intended to illustrate the history of 61 Cygni 
during the ])eriod under consideration. 

AVhen Bessel engaged in his labours, the pair of* stars 
forming the dou\)le were at the point indicated on the diagram 
by tlui date bs:]8. The next epoch occurred fifteen years 
later, when Otto Struve undertook his researches, and the 
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pair of stars had by that time moved to the position marked 
1(S53. Finally, when the object was observed at Dimsink Ob- 
servatory a (piarter of a century later, the pair had made still 
another advance, to the position indicated by the date ISTN. 
Thus, in forty years this double star liad moved over an ai*c 
of the heavens \ipwards of three minutes in leni;th. The actual 
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path is, indeed, niorc complicated than a simple rectilinear move- 
ment. The twi) stars which h)rm the double have a certain relative 
velocity, in conse([uenc‘e of their mutual attraction, by ob.serva- 
tions made fi-om the two stai's marked with his nainc Hessel con- 
(‘luded the distance to be {)(),()()0,()00,0()0,()()0 miles. Jn like manner 
Struve using th(! compai ison star indi(aited by his naino concluded 
that the distance of GI (ygni was 4(),()0(), 000, 000, ()()() miles. 

The cas(^ of 01 CVgni is, however, ex(;eptional. It is one 
of oui’ nearest neighbours in the heavens. \V(^ can never 
tind its distance accuratelv^ to one or two billions of miles ; 
but stiU we have a consciousness that an uncertainty amounting 
to twenty billions is too large a percentage ol‘ the whole. 
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\Vc sliall pivseutly show tliul we believe Struve was right, 
ya it (l()(‘s not necessarily follow that Bessel was wrong. 
The appanMit paradox can be easily ext)lained. It Avouhl 
not be easily explained if Struve had used the same corn- 
parisoii st(U‘ as Bessel had done; but Struve’s comparison 
star was dillerent Iroiii either of Bessel’s, and this is ])rol)- 
ai)ly the cause of the discrepan(*y. It Avill bo recollected 
that the ('ssenc(i of the ])rocess consists of the compai’ison 
of tlie small ellipse made by the distant star Avith tlie 
larg(a‘ clli])se made by the nearer star. If the two stars 
wcHi at th(^ same distance, the j)r()cess Avould be Avholly 
inap[)li(*.able. Jji siU'h a case, no matter how near tlie stars 
were to tlie eailli, no parallax could be detected. Bor tlu^ 
method to be c*ompletely successful, the com])arison star 
should be at Ic'ast (‘ight times as far as the principal star. 
Bearing this in mind, it is cpiite ])ossihle to reconcile the 
measures of Bessel with those of Struve. \Vc need only 
assume that Bessel’s comparison stars ar(‘ about thrcc‘ times 
as far as (Ji f'Vgni, while StruA’e’s comparison star is at 
least eight, or ten times as far. AVe may add tliat, as tlie 
comparison stars used by Bessel are brigliter than that of 
Struve, tlu're really is a presumption that the latter is th(‘ 
most distant of the three. 

\V(', have here a characteristic feature of this mc'tliod of 
determining parallax. Even if all the observations and the 
reductions of a parallax series AV(‘re mathemati(*.ally correct, 
we ('ould not with strict propriety describe the final result 
as the parallax of one star. It is only the difference Viotween 
the parallax of tlie star and that of the comparison star. 
We can therel'ore onl}' assert that the parallax sought 
cannot be less than the quantity determined. Viewed in 
this manner, the discrepancy between StruA^e and Bi'ssel 
Aanishes. Bessel asserted that the distance of 61 Cygni 
could not be mare than sixty billions of miles. Striwo did 
not contradict this — nay, he certainly confirmed it— Avhen 
ho shoAved that the distance could not be more than forty 
billion.s. 

Half a century lias elapsed since StruA^e made his ob- 
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servafcions. Those observations have certainly been chal- 
lenged ; but they are, on the whole, contii'ined by other 
investigations. Tn n critical review of the subject, Auwcrs 
showed that Struve’s detcrnji 2 iation is worthy of considerable 
confidence. Yet, notwithstanding this authoritative announce- 
ment, the study of 01 Cygni has been ropeatfully I'e- 
sinned. Dr. Briinnow, when Astronomer Royal of Ii-eland, 
connneiKicd a series of observations on the jiarallax of 
t)l ('ygni, which were (ionlinued and completed by the present 
writer, his siuice.ssor. Briinnow chose a fourth comparison star 
(marked on the diagram), diiferent from any of those which 
ha-d been used by the earlier observers. The method of 
observing which Briinnow employed was quite ditVerent from 
that of Struve, though t,be filar microm(‘ter was used in both 
cas(is. Briinnow sought to determine the ])aTallactic ellipse 
by measuring the diiference in declination bet ween 61 Cygni 
and the comparison star.* In the c,ourse of a yea,r it is found 
that, the diileretu'c in de(ilination undergoes a periodic change, 
and from that change the parallactii* ellipse can be c.om puled. 
In the first series of observations I measured the ditVerence of 
d(‘clination between the preceding star of 61 f'ygni and the 
comparison star; in the second •series 1 took the other com- 
ponent of 61 Cygni and the same comparison star. We had 
thus two completely independent determinations of the parallax 
resulting from two years’ work. The first of these ma,kes the 
distance forty billions of miles, and the second makes it almost 
exactly the .same. There? can be no doubt that this wea'k 
supports Struve’s determination in correction of Jfess(?rs, and 
therefore wo may j)erha,ps sum up the present stale of our 
knowledge of this ([ue'stieai by saying that the distaiKu? ol 
()l C^ygni is much nearer to the forty billions of miles Avbiedi 
Struve found than t.o the? sixty billions whieih Jfes.sel found. t 
It is desirable t.o give tin? r(‘ader the means of forming 

* Th(^ declination .of ;i star is the arc drawn from the star to tho equator at 
rijjfht anj^les to th(i latter. 

t The <listanco of (U t'ygni has, liowever, af^ain hoon investiiratod hy Professor 
Asapli Hall, of Wa shin J2[ton, who has uhtainc-d a result considerahly l<‘.ss than had 
been pre/iously supposed ; on the other hand, Prohissor Pritehanrs photographic 
rcsoarrhes are in eonfirmation of Struvets and tho.so obtained at Dunsinli. 
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his own opinion as to tho quality of the evidence which is 
availabh'. in such res(iarches. The diagram in Fig, 95 here 
shown has been constructed with this object. It is intended 
to illustrate the second scries of observations of diflerence of 
declination wliic.h were ma'ile at Dunsinlc. Kacih ol the dots 
represents one niglit.’s observations. The height of the dot 



is th(' observed (lil]eren(;e of declination betW(M‘n (>1 (11) Cygni 
mid tlu^ ('oinparison star. The ilistance along the horizontal 
line — or the ahsi'issa, as a mathematician would call it — repre- 
sents tlu^ (latt\ These observations are grouped more or less 
regularly in the vicinity of a certain curve. That curve 
expresses where the observations should have been, liad they 
been absolutely perfect. The distances between the dots and 
the (Mirve may bo regarded as the errors wliich liave been 
committed in making the observations. •• 

Periiaps it will be thought that in many cases tluise errors 
appear (o have attained very undesirable dimensions. .Let us, 
therelb)v, hasten (o say that it was precisely for the purpose 
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of setting forth these erro]*s that this (liagrarn lias been shown; 
we have to exhibit tlie weakness of the case no less than its 
strength. The errors of the observations are not, howevi'r, 
intrinsically so great as might at first sight bo imagined. 
To perceive this, it is only necessary to intcrpri't the scale 
on which this diagram has been drawn by (tomparison with 
familiar standards. The dista-nen from the very top of the 
curve to tln^ horizontal line denotes an angh' of only foin- 
tenths oF a s(‘('ond. This is about the appart'iit diameter of 
a penny-piece at a distaiuje oF tni ! W{\ can now appraise 

th(' true magnitude of tin; errors which have been made. It 
will be noticed that no one of th(' dots is distant from the 
curves hy much rnon^ than half of th(‘ la'ight of the curve. 
It thus app('ars that tlu^ greatest (s-ror in the whole series 
of observations amounts to but two or t.hn'e tenths of a 
second. This is ecjuiv'abait, to our having point i‘d the ti‘l('S('ope 
to the upper edge of a p(‘nny-pi(Mte lifteen oi‘ twenty mih's off*, 
instead of to the low(‘r (‘dge. This is not a, gi’i'at blunder. 
A rifle team whose (‘n*ors in pointing were moiv than a hundred 
tinu's as great might still ('asily win every ])rizt^ at llisley. 

\Vv hav(^ enter(‘d into the history of 01 Obgiii with some 
detail, be(‘aus(‘ it is the star whose distan(*e has been most 
studii'd. We do not say that 01 (Vgni is the lu^arest of all 
the stars; it- would, indcM'd, be v<‘ry rash to ass(a*t- tliat any 
parti('ular star was the nearest of all the countless millions 
in the heavenly host. We certainly know oni^ star whi(*h 
seems nearer than (il (Vgni; it lies in one of the southern 
constellaiions, and its nanui is a (lentauri. This star is, in- 
deed, of memorable intewest in the history of the subject. 
Its parallax was first determined at the (Fape of (lood Hope 
by Henderson ; subs(.H|uent resea ndies have contirnuMl his 
observations, and the elaborate investigations of Dr. (Jill 
have proved that th(i parallax of this star is about three- 
quarters of a second, so that it is oidy two-thirds of the 
distance of 01 Iv'ygni. 

61 Cygni arrested our attention, in the first instance, by 
the circumstance that it had the large propca* motion of five 
seconds annually. We have also ascertained that the annual 
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pamllax is lialf a second. The combination of these 

two statements leads to a result of considerable interest. It 
t(^a(ihes us that (il Cy.nni must each year traverse a distance 
of not loss than ten times the radius of the earth’s orbit. 
’rranslatini>* this into ordinary figures, we learn that this star 
must trav(;l iiiiui hundred and twenty million miles per annum. 
It must move between two and three million miles each day, 
but this can only be a( '(join pi i shed by maintaining the pro- 
digious v<^lo(jitv of thirty miles per second. There sc( 3 ms to 
\)v. no escape from this comdusiijn. The facts whicjh Ave 
hav(j dt'scrilxxl, and which arc now sufficiently well estal> 
lished, are iiK'onsisteiit with the supposition that the velo(jity 
of (il (^ygni is less than thirty miles per se(:joud ; the velocjity 
may be gr(jat-(‘r, but l(‘ss it (.jannot be. 

For the last hundred and fifty years Ave know that 01 
Cygiii has been moving in the same direction and with 
the same V(‘lo(jity, Prior to the existemje of the teffiscopo 
Ave hav (3 no observation to guide us ; Ave cannot, therefore, 
be absolut(jly certain as to the eaxlic^r history of this star, 
yet it is only r(.\*is()nable to suppose that 01 Cygni ba,s been 
moving from rc^mote antiquity with a velocity com])arable 
Avith that, it has at present. If disturbing iriHueiKtes were 
entirely absent, there could be no trace of doubt about the 
matter. Some disturbing inffiieiuje, however, there must bo; 
the only (piestion is Avhether that disturbing intluenc.e is 
suffiiaeut to modify seriously the assumption we have made. 
A poAverful dist urbing influence might greatly alt.er th(i v(3locily 
of the star: it. might, deflect the star from its rectilinear coui*se; 
ir might ('vam force th(j star to move around a (dosc^d orbit. 
We do not, hoAV(3AaM', belicAXJ that any disturbing influencjc of 
this magnilnde need be (jontemplated, and there can be no 
reasonable doubt that (>1 t’ygni moves at ])resont in a path 
very nearly straight, and Avith a velocity very nearly uniform. 

As the distance of 01 Cygni from the sun is forty billions 
of mih's, and its vc'locaty is thirty miles a .second, it is easy 
to find how long the star would take to acjcomjdish a 
journey cv]ual to its distance from the sun. The time re- 
quired v;il! be about 40,000 years. In the last 400,000 years 
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61 Cygni will have moved over a distance ten times as great 
as its present distance froin the sun, whatever be the direc- 
tion of motion. This star must therefore have been about ten 
times as far i'rom the earth 400,000 years ago as it is at present. 
Though this epoch is incredibly more remote than any his- 
tori(jal record, it is perhaps not incomparable with the dura- 
tion of the human race ; while compared with the vast lapse 
of geological time, such periods seem trivial and insignificant. 
Geologists have long ago repudiated mere ihousaiuls of years; 
they now claim millions, and many millions of years, for the 
performance of geological phenomena. If the earth has existed 
for the millions of years which geologists assert, it becomes 
reasonable for astronomers to speculate on tln^ phenomena 
which have transpired in the heavens in the lapse of similar 
ages. Uy the aid of our knowledge of star distances, com- 
bined with an assumed velocity of thirty miles per se(;ond, 
we can make the attempt to peer back iiito the remote past, 
and show hoAV great arc the changes wliidi our universe 
Kseems to have imdergone. 

In e. inillion years 61 ('ygni will apparently have moved 
througli a distaruie Avhich is twenty-five times as grt'al as its 
present distance from the sun. ‘Whatever be the direction in 
Avhich Cl Gygni is moving — Avlietlua* it be toAvaids the earth 
or tVom the earth, to the right or to the l(*ft, it must have 
been about tAventy-five times as far olf a, million years ago 
as it is at present; hut even at its ]>resent distaiu^e 61 f ygni 
is a small star; Averc it ten times as far it could only be 
seen Avith a good telcsco])e; Avere it tAventy-live times as far 
it Avould barely be a visible point in our greatest telesco)K\s. 

The conclusions arrived at Avith regard to 61 Cygni may 
be applied Avith varying degrees of emphasis to other stars. 
We are thus led to the conclusion that many of the stars 
with Avhich the heavens arc strcAvn arc apparently in slow 
motion. But this motion though a])parcntly slow may really 
be very rapid. AThcn standing on the sea-shore, and looking 
at a steamer on the distant horizon, we can hardly notice 
that the steamer is moving. It is true that by looking again 
in a feAv minutes Ave can detect a change in its place ; hut 
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tlie motion of tlio stciinicr scorns slow. Yet if vv^e wore near 
the stcanuir av (3 would find that it was rushing* aloni»’ at the 
rate of many miles an hour. It is the distance which causes 
the illusion. So it is with the stars: they seem to move 
slovv^ly heeause they are very distant, hut were wo near 
them, we (joidd see that in the majority of eases their motions 
are a. thoiis'Uid times as fast as tlie (luiekovst steamer that 
(5V(‘r ploiim'lu'd (he oca'an. 

It (Ims a})|)(iars that the permanenee of the sidereal 
hea, veils, and tlu; fixity of the constellations in their relative 
positions, ar(i only ej)hemeral. When we rise to the eontem- 
plaiion of siudi vast jicriods of time as the researches ol 
geolot»y disclosc\ (he durahility of the constellations vanishes! 
In (he lapse ol* those stupendous a.<^es stars and constellations 
jL,na.duaJly dissolve from view, to he rep]ac(Ml hy others of no 
‘>rea.ler [)ermane.nc(\ 

It not unfre<pi(jntly liajipens that a parallax research 
proves abortive. The labour has been finislied, the observa- 
tions are reduced and discussed, and yet no value of the 
parallax (;an be obtained. The distance of the star is so 
vast that our base-line, althoui»h it is nearly two hundred 
millions of mih's long, is too short to bear any appreciable 
ratio lo thi3 distance of the star. Kven from such lailurcs, 
how(3ver, informal ion may often be drawn. 

L(it 111(3 illustrate this by an ac(3ount derived from mj 
own experieiKie at Dimsiiik. We have already mentioned 
that oil t,h(3 24th Xov(*mber, I<S7(), a well-known astronomer — 
l>r. Schmidt, of Athens — imtic.cd a new bright star oi the 
third magnitude in the constellation Cygnus. On the 20th 
ol November Nova f.'ygni Avas invisible. Whether it first 
burst lorth on the 21st, 22nd, or 2‘lrd no one can tell; hut 
on the 24th it was discovered. Its brilliancy even then 
secaned to be waning; so, presumably, it was briglitest at som(3 
moment betwei^n the 20th and 24th of November. The 
outbreak must thu« have hcon comparatively sudden, and 
we know ol no cause which would account for such a phe- 
nonumon more simply than a gigantic collision. The ‘decline 
in the bailliaiicy was much more tardy than its growth, and 
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more than a fortniglit passed before the star relapsed into 
insignilleanee — two or three days (or less) for the rise, two 
or three weeks for the fall. Yet even two or three weeks 
was a short time in which to extinguish so mighty a conHa- 
gration. It is com])aratively easy to suggest an explanation 
of the sudden outbreak ; it is not equally easy to under- 
stand how it can have been subdued in a few weeks. A good- 
sized iron casting in one of our foundries takes nearly as 
iriu(di time to cool as sutticed to abate the celestial tires in 
Nova Cygni ! 

On this ground it seemed not unreasonable to suppose 
that perhaps Nova Oygni was not really a very extensive 
(jonflagration. Hut, if such were the case, the star must have 
been comparatively near to (he earth, siiuic it presented so 
brilliant a specitacle and attracted so much attention. It 
therefore appeared a plausible ohiect for a parallax research ; 
and consequently a seric^s of observations were made some 
years ago at Dunsink, I was at the time too much engaged 
with other work to devote very much labour to a research 
whi(di inight, after all, only prove illusory. I simply made a 
suHieient number of micrometric measurements to test whether 
a large parallax existed. It has been already pointed out< how 
each star appears to describe a ininute ])arallactic ellipse, in 
consequence of the annual motion of the earth, and by measure- 
ment of this elli])se the ])a,rallax— and therefore the distance 
— of the star (*.an he determined. In ordinary cireum- 
staiices, when the parallax of a star is being investigated, it 
is !iec.essary l.o measure the position of the star in its ellipse 
on many different occasions, distributed over a period of at 
least an entire year. Th() method we adopted wjis much less 
laborious. It was suffic.iently accurate to test whether or 
not Nova f^ygni had a large parallax, though it might not 
have been delicate enough to disclose a small parallax. At 
a (jcrtain date, which can be readily computed, the star is 
at ohe end of » the ])arallactic ellipse, and six months later 
the star is at the other end. By choosing suitable times in 
the year for our observations, we can measure the stai- in 
those two positions when it is most deranged by parallax. 
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Tt Avas by observations of this kind tliat wo sought to detect the 
parallax of Nova ^Jygni. IJut tlio distance of this Avonderhd 
star was too great to bo measured by observations of this 
kind. It is (iertain tliat if Nova (Jygni had been one of the 
nearest, stars these observations would not have been abortive. 
Wo ani therefore entitled to believe that Nova Cvgni, must 
bo at least 20,0b0,(K)0,000,000 miles from the solar system; 
and the suggestion that the brilliant outburst Avas ot small 
dimensions must, it seems, be abandoned. The intrinsic 
brightness of Nova h'ygni, when at its best, cannot have been 
griNitly if at, all inferior to the brilliancy of our sun himself. 
If the sun w(jre AvithdraAvn from us l,o tln^ distance of Nova 
(/ygiii, it would seemingly have dwindled down to an object 
not more brilliant than the variable star. How the lustre 
of such a stu[)endous object de(dincd so rajiidly remains, 
therefore, a. mystery not easy to explain. HaA^e Ave not said 
that the outhreak of brilliancy in this star occurred bet. ween 
the 20th and 24th of NoA'cmbijr, hSTO ? Tt Avould bo 
more correct to say that, the thlings of that outbreak reached 
our system at the time referred to. The real outbreak must 
have taken place at least three years previously. Indeed, 
at the time that the star excited such commotion in the 
astronomical Aviirld here, it had already rcla])sed again into 
insign ilican(*e. 

The new star of rerseus in 1001 Avas also found to be at un- 
nieasurably groat distance. lOiotographs of this star takiai both 
at Verkos and hick Observatories showed that it gave rise to a 
nebula Avhieh, to the amazement of astronomers, seemed t.o lie 
travelling Avith the velocity of light! 

In eonne(!ti(»n Avith the subject of the present chapter wo 
liave to consider a great problem Avhich Avas proposed by^ Sir 
William H ors(hel. He saw that the stars Aveixi animated by 
])roper motion ; he saw also that the sun is a star, one of 
the countless host of heaven, and he Avas therefore led to 
propound the stupendous question as to Avhethor the ‘sun, 
like the other stars which are its peers, was also in mofion. 
Consider mII that this great question iiwolves. The sun has 
around it a retinue of planets and their attendant satellites, 
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the coinets, and a host of smaller bodies. The question 
is whether this superb system is revolving around the 
sun at r(\^t in the middle, or whether the whole system 
— sun, planets, and comets — is not moving on bodily through 
space. 

lierschel was the first to solv'e this noble problem ; he 
discovered that our sun and the splendid retinue by whi(*-h 
it is attended are moving in s])ace. He not only discovered 
this, but he ascertained the direction in which the system was 
moving, as well as the a[)proximatc velocity with which that 
movement was ])r()bably performed. It has been shown that the 
sun and his system is now hastening towards a ])oint of the 
heavens near the constellation Lyra. The vehx'ity witli which 
the motion is pcrforiiKMl corresponds to the niagnitudo of the 
system; ([uicker than the swiftest ride-bullet that was ever 
fired, the sun, bearing with it the earth and all the other 
planets, is now sweeping onwards. We on tlie earth participate 
in that motion. Kvery half hour we are something like ten 
thousand miles nean'r to the (tonstellation of Lyra than we 
should have been il the solar system were not animated by 
this motion. As we are procteeding at this stupendous rate 
towards Lyi’a, it might at. first ''be supposed that we ought 
soon to get tlu'rc' ; but. th(5 distances of the stars in that 
neighbourhood s('eni not less than those of the stars elsewhere, 
and Ave may be certain t.hat the sun and his system must 
travel at the present rate for far more than a million years 
before avc have (‘I’osschI the abyss between our present position 
and the frontiers of Lyra. It must, however, be acknowledged 
that our estimate of the ac'tual sprrd with which our solar 
system is travelling is exc'cedingly imceri:ain, but this does not 
in the least affect the fact that we arc moving in the direction 
first approximately indicated by lierschel. 

It remains to explain the method of reasoning whi(L 
lierschel adopted, by wlu(;h ho was able to make this great 
<liscovery. It m«*iy sound strange to hear that the detection 
of th^ motion of the sun was not made by looking at the 
sun; all the observations of the luminary itself with all the 
telescopes in the world would never tell us of that motion, 
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For the simple reason that the earth, whence our observa- 
tions must be nnuhi, participates in it. A passenger in the 
<;al)in oF a ship usually becomes aware that the ship is moving 
by the roughness oF the sea. The tables and chairs in the cabin 
are moving as rapidly as the ship, yet we do not generally see 
them moving, because we are also travelling with the ship. IF 
w(‘ could not go out (jF the cabin nor look through the windows, 
and il' the seas were perFectly calm and there was no vibration, 
\\(i would hai’dly know whether the ship was moving or at rest; 

nor (jould w(^ have any idea as to the direction in which the 

shij) was going, or as to the velocity with which that motion 
was periormed. 

The sun, Avith his attendant host oF planets and satellites, 
may be likened to the ship. The planets may revolve around 
tluj sun /just as the ])assengers may move about in the cabin, 
hut as the i)assengcrs, by looking at objects on board, can never 
tell whiduM' th(‘- ship is going, so we, by merely lof)king at the 
sun, or at the other planets or members of the solar system, 

can m^vc'r t(‘ll if onr system as a whole is in motion. 

The ( onditions oF a perFectly uniForm mov('ment along a 
perFcuitly calm sea are not oFten fultilled on the waters with 
wlii(*Ji we arc* acquainted, but the course oF the sun and his 
systcMii is untroublc'd by any disturbance, so that the majestic 
progr(3ss is ('ondiK'tC'd with absolute uniFormity. We do not 
Fec^l the motion: and as all the planets arci travelling Avith us, 
we can get no iuFermation From them as to the e.ommon motion 
by which the Avhob* system is aniniatc^d. 

The ])assc‘ng(a’s arc*, how(*A'er, at once appris(.‘d oF the ship’s 
motion when theq' go on deck, and Avhen they look at the 
sea surrounding tluan. Let us suppose that their voyage is 
nearly ac'ca)ni|)lishc'd, that the distant land ap])ears in siglit, 
and, as evc*ning approacihes, the harbour is discerned into 
whic'h the shi[) is to enter. Let us suppose that the harbour 
has as is oFten the case, a narrow entrance, ai\d that its mouth 
is indic*atod by a lighthouse cm eacdi side. When the harbour 
is still a long way otf, near the horizon, the two lights are 
seen c*,los<* together, and ikjav that the eveaung la‘is elejsed in, 
and tin- night has become quite dark, these two lights arc all 
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that remain visible. While the ship is still some miles from 
its destination the Uvo lights seem close together, but as the 
distanc.e decreases the two lights seem to open out; ; gradually 
the ship gets nearer, while the lights arc still opening, till 
timdly, when the ship enters the harbour, instead of the two 
lights being directly in front, as at the commeiKannent, one of 
the lights is passed by on the right hand, while the other is 
similarly found on the left. If, then, we arc to disciover the 
motion of the solar system, we must, like the passenger, look at 
objects unconnected with our system, and learn our own motion 
by their apparent movements. Jlut are there any objects in 
the heavens unconnected with our system^ If all the stars 
werci like the earth, merely the appendages of our sun, then 
wo never could discover whether we were at r(‘st or whether 
we were in motion : our system might, be in a condition of 
absolute rest, or it might he hurrying on with nn inconceivably 
groat vekxdty, for anything we could tell to the contrary. Jlut 
the stars do not belong to the system of our sun ; they are, 
Hither, suns themselves, and do not. recognise the swiiy of 
our sun, as this earth is obliged to do. The stars will, there- 
fore, a(jt as the external objects by which wo c.an test whether 
our system is voyaging througir space. 

With th(5 stars as our beacons, what ought w(i to ('xpect 
if our system lx; r(;a.Uy in motion ? Kemember that whim 
th(‘ ship was approai'hing the harbour tlu; lights gradually 
open(;d out to the right and left. Jlut the astronomer has 
a, Iso lights by whii'h he can observe the navigation of that 
vast craft, our solar system, and these lights will indiiate 
the path along whi(;h lu; is borne. If oui- solar system be 
in motion, wi^ should (;x])ect to find that; the stars were 
gradually spreading away from that point in the lu'avcns 
towards which our motion tends. This is preiasely what 
wi; do llnd. The stars in the constellations arc; gradually 
spreading away, from a central point near the c.onstellation 
of Jjyra, and hence we infer that it is towards Lyra that tin; 
motion of the solar system is directed. 

There is one great ditficulty in the discussion of this ques- 
tion. Have we not had occasion to uljserve that the stars 
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tlieiriselvcs are in actual mol ion? It seems certain that 
every star, incliidin.i^ the sun himself as a star, has each an 
individual motion of il-s own. The motions of the stars 
as we sec them are partly apparent as well as partly real; 
they partly arise from the actual motion of each star and 
partly from the luotion of the sun, in wliich we partake, and 
which pivaluces an apparent motion of tlie star. How are 
these to 1x3 dis(iriminatcd ? Our telescopes and our obser- 
valions can nevcir effect this decomposition directly. To accom- 
j)lish the anaJysis, Herschel resorted to certain geometrical 
methods. His materials at that time were but scanty, but 
in his hands they proved ade(|uate, and lie boldly announced 
his dis('overy of the movement of the solar system. 

So astounding an announcement demanded the severest 
t(‘st, whi(di the most, refined astronomical resources could 
sugg{‘st. Then* is a ccu’t.ain powerful and subtle method wliich 
astroiomers use in th(3 effort to interpret nature. Bishop Butler 
has said t hat probability is the guide of life. The proper motion 
of a, star has to be de(5ompos(Ml into two parts, one real and the 
other apparent. When several stars are taken, we may con- 
<'(‘ive an inlinite number of ways into whicdi th(3 movements 
of (*ach star ('an be so de(X)mposed. Eacdi one of these conceiv- 
able divisions will have a certain element of probability in 
its favour. It is the business of the mathematician to deter- 
mine the amount of tliat probability. The case, then, is as 
follows ; — -Among all the various systems one must be true. 
\Vc cannot lay our linger for certain on the true one, but we 
(‘an take that, which has the highest degree of probability in 
its favour, and thus follow the precept of Butler to which 
wc have already referred. A mathematician would d()scribe 
his process by calling it the method of least scpiarcs. Since 
llerschers discovery, one hundred years ago, many an astron- 
omer using observations of hundreds of stars has attacked the 
same problem. Mathematicians have exhausted every refine- 
ment, whi('h the theory of probabilities can afford, but only to 
confirm ih(' truth of that splendid theory which seems tQ have 
been one of the flashes of Herschers genius. 
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STAR CLUSTERS ANI» NEliUL.E. 

Interesting Sidereal Objects- -Stars not Saitterod uniformly — Slar Cluaters- 
Their Varieties — The (.^luster in l\‘rscua — The ({lobular Cluster in ller(*ult;s — 
The Milky Way— A ('liisUr of Minute Slars- 'riie Magellanic Clonds — 
Nobube distinct from Clouds— Number of known Nebula; -The Constellation 
of Orion— The Position of the On'at N<*bula— The Wonderful Star 0 Orionis 
— The Drawing of the Oreat Nebula in Cord liosse’s Tehjscopc — Photo- 
graphs of this Wonderful (dbject— The Groat Nelaila in Andromeda — 'riie 
Annular Nebula in lijra — Keaemblance to Vortex Kings — l^laiudary Nebubn 
— Drawings of Several Remarkable Nebula;— Nature of Nebula* — Spectra 
Nebube — Their Distribution ; the Milky Way. 

We have already mentioned Saturn as one of the most i;lori()us 
telescopic spectatdes in the heavens. Setlinj^- aside the obvious 
claims of the sun and of the moon, there are, ])erhaps, two other 
objects visible from these lalitiuhjs which rival Saturn in the 
splendour and the interest of their tclcstjopic piidiire. One ot 
these objects is the star cluster in Hercules; the other is the 
ti^reat nebula in Ui’ioii. We take these ohjt'cts as typical of the 
two great classes of bodies to he discussed in this chapter, under 
the head of Star (dusters and Nebula'. 

The stars, which to the numher of several millions iUumino 
the sky, are not scattered uniformly. Wo can see that while 
some regions ani (iomparatively barren, oth(3rs contain stars in 
profusion. Sometimes we have a small grouj), like the Pleiades; 
sometimes we have a stupendous region of the heavens strewn 
over with stars, as in the Milky Way. Such objects are called 
star clusters. We find every variety in the clusters ; sometimes 
the stars are remarkable for their hrilliaucy, sometimes for their 
enormous numbers, and sometimes for the remarkable form in 
which they are grouped. Sometimes a star cluster is adorned 
with brilliantly-coloured stars; sometimes the Imniiious 
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points arc so close together that their separate rays can- 
not be discriminated ; sometimes the stars are so minute 
or so distant that the cluster is barely distinguishable from a 
nebula. 

()t‘ the clusters rcanarkablc at once both for richness and 
brilliancy of the individual stars, vve may mention the cluster in 
the Sword-hand le of Perseus. The position of this object is 
inai ked on Fig. S.'kpitge 415. To the iinaided.eye a hazy spot is 
Visible, whi<*-h in the t(‘los(a>pc expands into two clusters separated 
hy a. shoi’t distance. In each of them we have innumerable stars, 
(crowded together so as to till the field of view of the telescope. 
The spl(}ndour o( t his obje(‘.t may be appreciated when avc reflect 
that each one ol these stars is itself a brilliant sun, perhaps 
rivalling oiir own sun in lustre. There arc, however, regions in 
the heavens iK'ar the Southern Cross, of (*ourse invisible from 
nortliern lalitud(‘s, in which parts of tlic Milky Way present a 
richer appearance even than the cluster in Perseus, 

The most striking type of star (bluster is well exhibited in 
th(! constellation of llcnades. In this case we hav(; a group of 
minute stars a])parcnlly in a roughly globular form. Fig. !)(> 
r(‘])resenls this obje(*-t as seen in Lord Rosses great t,el(‘Sco])e, and 
it- shows thi*ee radiating streaks, in which the stars seem loss 
numerous than (‘Iscwhere. It is estimated tliat this cluster must 
contain Irom 1, 000 to 2,000 stars, all conccaitrated into an ex- 
treiiK'ly small part of the heavens. Viewed in a very small 
teles(‘ope, this objec't resembles a nebula. The position of the 
('luster in Hercules is shown in a diagram previously given 
(fig. <s<s, page 420). This is the glorious aggregation of stars 
U) which we have already referred as one of the three es{)ecially 
interesting obj(3cts in the heavens. 

Ihe Mdky Way forms a girdle which, with more or less 
regularity, sweeps c,om])letely around the heavens ; and when 
viewed with the telos(a)pe, is seen to consist ofiTiyriads of minute 
stars. In some places the stars are much more numerous than 
elsewhere. All these stars are incomparably more distant than 
the sun. which \hoy surro\md, so it is evident that ou,r sun 
and, of course, the system which attends him lie actuallydnside 
the Milky Way. It seems tempting to pursue the thought 
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here suggested, and to reflect that the whole Milky Way niay, 
after all, be nicrely a star cluster, comparable in size witli 
some of the otlier star clusters which we sec, and that, viewed 
from a remote point in space, the Milky Way would seem to 
be but one of the many clusters of stars containing onr sun 
as an indistinguishable unit. 



Fiir. 00. — Tlic Globular Cluster in Hurculrs. 


In the southern hemisphere there arc two imnuaise masses 
which are conspicuously visible to the naked ey(\ and resemble 
detiiched portions of the ililky Way. They (aimot be seen 
by observers in our latitude, and are known as tlie Magellanic 
cloTids or the two mibccuke. Their structun', as revealed to 
an observer using a powerful telescope, is of great compk‘xity. 
Sir John Herschel, who made a special study of these remark- 
able objects, gives the following description of them: “The 
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^^enenil ground of both consists of large tracts and patches of 
nebulosity in ev(3ry stage of resolution, from light irresolvable, in 
a reflector of eighteen inches aperture, up to perfectly separated 
stars like the Milky Way, and clustering groups sufficiently 
insulated and condensed to come under the designation of 
irregular and in some (‘as(‘s ])retty rich clusters. JJut besides 
th(}S(3 there are also nebula; in abundance and globular clusters 
in every state of condensation.” It can Inirdly be doubted 
that the two nubccuke, which are, roughly speaking, round, 
or, rather, oval, are not formed a(;cidentally by a vast number 
of very diftcrent objects being ranged at various distances along 
the same line of sight, but that they really represent two 
great systems of objects, widely ditterent in constitution, which 
are here congregated in each other’s neighbourhood. There 
appears to be some essential diflerence between the clouds of 
Magellan and the Milky Way, with which the mere naked- eye 
view would otherwise lead us to associate them. 

When we direct a good telesco))e to the heavens, we shall 
occasionally meet with one of the remarkable celestial objects 
which arc known as nebuhe. They are faint cloudy s])ots, 
or stains of light on the bla(;k bac.kground of the sky. Th(3y 
are nearly all invisible to the naked eye. These celestial 
objecits must not for a moment be confounded with clouds, in 
the ordinary meaning of the word. The latter exist only sus- 
pended in the atmosphere, while nebuhe are immersed in the 
depths of space. (Jlouds shine by the light of the sun, which 
they reflect to us ; nebuhe shine with no borrowed light ; tlu;y 
are self-luminous. Clouds change from hour to hour ; nebuhe 
do not change even from year to year. Clouds are tar smaih'i* 
than the earth; while the smallest nebula known to us is 
incomparably greater than the sun. Clouds are within a 
few miles of the earth ; the nebuhe are almost inconceivably 
remote. 

Immediately after Tlerschel and his sister liad settled at 
Slough ho commenced his review of the iiv^rthcrn heavens in 
a systematic manner. For observations of this kind it is 
essential that, the sky be free from cloud, while even the 
light of the moon is sufficient to obliterate the fainter and 
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more interesting oljijects. It was in the long and tine winter 
nights, when the stars were shining brilliantly and the })ale 
path of the Milky Way extended across the heavens, that 
the labour was to be done. The telescope being directed to 
the heavens, the ordinary diurnal motion by which the sun 

and stars ap])('jir to rise and set carries the stars across the 

held of view in a majestic panorama. The stars enter slowly 
into tlic field of view, slowly move across it, and slow ly lo ave 
it, to be again replaced by others. Thus the observer, by 
merely remaining passive at the eye-piece, sees one field after 
another pass before him, and is enabled to examine their 

contents. It follows, that even without moving the telescope 
a long narrow strip of the heavens is brought under re- 
view, and by moving the telescope slightly up and down 
the width of this strip can be suitably imu’cased. On 
another night the telescope is brought into a difierent 

position, and another strip of the sky is examined ; so that 
in the course of time the whole heavens can be carehilly 
scrutinised. 

Hers(.*hel stands at the eye-piece to watch the glorious 
procession of celestial objects. Close by, his sister Caroline 
sits at her desk, pen in hand, to take down (he observations 
as they fall from her l)rother’s lips. In front of her is a 
chronometer from which she (*an note the time, and a con- 
trivance which indicates the altitude of the telescope, so that 
she can record the exact position of the object in connection 
with the description which her brother dictated. Such was 
the splendid scheme which this brother and sister had 
arranged to carry out as the object of their life-long devo- 
tion. The discoveries which Herschel was destined to make 
were to be reckoned not by tens or bj. liundrods, but by 
thousands The rcc^irds of these discoveries are to he fouml 
in the Philosophical Transactions of the Royal Society, ’ and 
they arc among the richest treasures of those volunu^s. It 
was left to Sir John .Herschel, the only son of Sir AVilliam, 
to complete his father’s labour b}^ repeating the survey of 
the northern heavens and extending it to the southern hemi- 
sphere. He undertook with this object a journey to the 
£ £ 
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Cape of Good Hope, and sojourned tlioro for tlio years 
necessary to complete the great work. 

As the result of the gigantic labours thus inaugurated and 
continued by other observers, there are now about eight thou- 
sand nebuke in our catalogues, and with every improvement of 
the telescope fresh additions arc being made to the list, 'rhey 



Fip. 07.— The Constellation of Orion, showinp^ the Position of the Great Nehula. 


differ from one another as eight, thousand pebbles selected at 
random on a s(\‘i-b(?ach might differ — n.amely, in form, size, 
colour, and material — but yet, like the pebbk's, bear a certain 
generic resemblance to each other. To describe this class 
of bodies in any dcUiW would altogether exceed the limits of 
this chapter ; we shall merely select a few of the nebula^ choos- 
ing naturally those of the most remarkable, character, and also 
those which are. ro])ro.scntatives of the different groiips into 
which nebulic may bo divided. 

We have already stated that the great nebida in''the con- 
stellation of Orion is one of the most interesting objects in 
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the heavens. It is alike remarkable whether wo consider its 
size or its brilliancy, the care with which it has been studied, 
or the success which has attended the efforts to learn some- 
thing of its character. 'Vo lind this object, we refer to Fig. 97 
for the sketch of the chief stars in this constellation, where 
the letter a indicates the middle one of the tlireo stars which 
form the sword-handle of Orion. Abovc^ the handle will be 
seen the three stars which form the well-known belt so con- 
s])icnons in tin; wintry sky. 1’he star 
A, when viewed attentively with the 
unaided ey(‘, presents a somewhat 
misty iippearane,e. in the year I (>18 
Cysat direct.ed a telese.ope to this 
star, and saw surrounding it a curious 
luminous haze, whi(;h prov(‘d to be 
the great nebula. Fver since his 
time this object has ])een diligently 
studied by many astronomers, so that st;ir 

very many observations liave been Xctuia of Orion, 
madcj of the gi'oat nebula, and even 

whole volumes have Ix.m'u written which treat of notliing rise. 
Any ordinary telescope will show the. object to some extent, 
but the more powerful the telescope the more are the ('urioiis 
details revealed. 

In the first place, the object which wo h.-ivo d(‘not(Ml by a 
(0 Orionis, also called the trapezium of Orion) is in itself the 
most striking multi])le star in the whole hea.v(ms. It consists 
really of six stars, represented in the next diagram (Fig. 98). 
These points are so close together that their commingled rays 
cannot be distinguished without a teh\scopc. Four of them 
are, however, easily seen in quite small instruments, but the 
two smaller stars recpiire tedoscopcs of considerable power. And 
yet these stars arc suns, comparable, it may be, with our sun 
in magnitude. 

It is not a litile remarkable that this unrivalled group of 
six suns should bo surrounded by the renowned nebula; the 
nebula or the multiple star would, either of them alone, be 
of exceptional interest, and here wo have a cond)ination of 
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the two. It seems impossible to resist drawing the conclusion 
that the multiple star really lies in the nebula, and not merely 
along the same line of vision. It would, indeed, seem to be 
at variance with all probalality to suppose that the presentation 
of these two (exceptional objects in the same field of view was 
merely accidental. If the multiple star be really in the nebula, 
then this object affords evidence that in one case at all events the 
distance of a nebula is a quantity of the same magnitude as the 
distance of a star. This is unhappily almost the entire extent 
of our knowledge of the distances of the nebuhe from the earth. 

The great nebula of Orion surrounds the multiple star, 
and extends out to a vast distance into tlie neighb(niring space. 
The dotted cirede drawn around the star marked A in Fig. 97 
represents approximately the extent of the nebula, as seen 
in a moderatel)" good telescope. The nebula is of a faint bluish 
colour, impossible (o represent in a drawing. Its brightness 
is much greater in some places than in others ; the central 
parts are, gc^ua'aHy speaking, the most brilliant, and the 
luminosity gradually fades away as the edge of the nebula is 
approached. In fact, we can hardly say that the nebula has 
any detinite boimdary, for with each increase of telescopic 
power laint now bramdies can be seen. There seems to be 
an empty spa('.o in the nebula immediately surrounding the 
multiple star, but this is merely an illusion, produced by the 
contrast ol’ the brilliant light of the stars, as the spectroscopic 
examination of the nebula shows that the nebulous matter is 
continuous between the stars. 

The plat(‘ of the great nebula in Orion which is here 
shown (Plate XIV.) represents, in a reduced form, the elaborate 
drawing of this obJe(?t wliich has been made with the Earl 
of Kosse’s great reHecting telescope at Parsoiistown.'^' A 
telescopic \'iew of the nebula shows two hundred stars or 
more, scattered over its suriace. It is not necessary to sup- 
post' that, these stars are immersed in the substance of the 
nebula as the multi^)le star appears to be ; they may V)e either in 
front of it, or, less probably, behind it, so as to be projected 
on the same part of th(? sky. 

* J .im iiulubli'd for this drawing to the kindness of ^[es'rrs. Dc la Rue. 
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PHOTOGRAPH OF THE NEBULA 3l M ANDROMED/€. 
EXPOSURE 4 HOURS. ENLARGED 3 TIMES 
TAKEN BY MR. ISAAC ROBERTS. 29 DECEMBER, 1888. 
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A considerable number of drawings of this unique object 
have been made by other astronomers. Aniong these we 
must mention that executed by Professor Pond, in Cambridge, 
Mass., which possesses a faithfulness in detail that every 
student of this object is bound to acknowledge. Of late 
years also successful attempts have been made to pliotograph 
the great nebula. The late Professor Draper was fortunate '' 
enough to obtain some admirable photogra])hs. In England 
the late Mr. A. A. Common gave us most excellent photographs 
of the nebula, and superb photographs of the same object have 
also been obtained by the late Dr. Isaac Poberts and 1 )r. AV. Iv 
Wilson. These show a vast extension of tlic nebula beyond the 
limits as previously assigned. 

The great nebula in Andromeda, which is fairly visible 
to the unaided eye, is shown in Plate X\’., which has been 
reproduced from Dr. Isaac Roberts' 2 )hotogi*apb, which is a 
most beautiful specimen of celestial jmrti’aiture. Two dark 
(diannels in the nebula cannot fail to be noticed, and 
the number of faint stars scattered over its surlace is 
also a ]')oint to which attention may be drawn. To find this 
object Ave must look out for Cassioj^eia and the Great Square 
of Pegasus, and then the nebula Avill be easily ])erceived in 
the jDosition shown on j). 418. In the year bS(S,5 a new star 
ol’ the seventh magnitude suddenly a 2 A[)eared close to the 
brightest part of the nebula, and declined again to invisibility 
after the lapse of a few months. 

The nebula in Lyra is the mo.st conspicuous ilng nebula in 
the heavens, but it is not to be supposed that it is the only 
member of this class. Altogether, there are about a dozen of 
these objects. It seems difficult to form any adequate conception 
of the nature of such a body. It is, however, inq)ossible to view 
the annular nebuL'c without being, at all events, reminded of 
those elegant objects knoAvn as vortex rings. Who has not 
occasionally noticed a graceful ring of steam which escapes 
from the funnel of a locomotive, and ascends high into the 
air, only dissolving some time after the steam not so specialised 
has disappeared? Such vortex rings can be produced artifi- 
cially by a cubical box, one oj)en side of which is covered with 
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canvas, while on the opposite side of the box is a circular hole 
A taj) on tlie canvas will cause a vortex ring to start from the 
hole ; and if the box be filled with smoke, this ring will be 
visible for many feet of its path. It would certainly be far too 
mucli to assert that the annular iiebulai have any real analogy 
to vortex rings ; but there is, at all events, no other object 
known t(.^ U'^ with which they can bo compared. 

The heavens contain a number of minute but brilliant 
obje(jt,s known as the planetary nebube. They can only l)e 
described as globes of glowing bluish-coloured gas, often small 
enough t(^ be mistaken for a star when viewed through a tele- 
scope. One of the most remarkable of these objects lies in the 
(jonstollation Oraco, and can he found half-way between the Pole 
Star and tlui star 7 l)raconis. Some of the more recently dis- 
covered planetary nebulaj arc extremely small, and they have 
ind(ied only been distinguished from small stars by the spectro- 
scop(3. It is also to be noti(;ed that such objects are a little out 
o( th(} stellar focus in the refracting telescope in consequence 
ol their blue colour. This remark does not apply to a 
r(^fI(H*,l ing t(‘los(M)po, as this instrument conducts all the rays 
to a (*ommon focais. 

There an* many otlua* forms of nebula* : there are long 
nebulous rays : there arc the wondrous spirals which Avere 
lirst disclosed in Lord Kosse's great reflector (Plate X\d.); there 
arc the double uebuhe. Lut all these various objects Ave must 
merely dismiss Avitli this passing reference. There is a great 
dilbuadty in making pictorial representations of such nebube. 
Most, ot them are very faint — so faint, indeed, that they can only 
be seen with ('.lose attention even in ]K)Avcrful instruments. In 
making drawings ot these objects, therefore, it is impossible to 
avoid intensity ing the fainter features if an intelligible picture 
is to be made. Photography as in Professor Barnard’s beauti- 
Itd picture ol Fig. ui), has made us acquainted Avith enormous 
developments in the extent and number of these objects. 

Ihe actual natul’e of the nebube offers a problem of the 
greatest interest, Avhich naturally occupied the mind of the 
first assiduous i)bscrver of uebuhe, William Herschel, for many 
years. At fii-st he assumed all nebube to be nothing but 
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FifT. ‘J9.— Tho Nebula N. G. C., 1,199. 

(/.’// A’. liarnanJ, Lick Observafot y, Scptevibcr 21, 1895.) 


dense ao*gregations of stars — a very natural conclusion for one 
who had so greatly advanced the optical power of telescojics. 




472 


TUFJ STORY OF THE JFEAVIJNS. 


and was accustomed to see many objects which in a small 
telescope looked nebulous become “resolved” into stars when 
scrutinised with a telescope of large aperture. 13ut in 18(14, 
when Sir William Huggins hrst directed a telescope armed 
with a spectroscope to one of the planetary nebuhe, it became 
evident that at least some nebuke were really clouds of fiery 
mist and not star clusters. 

We shall in our next chapter deal with the spectra of 
the li.xed stars, but we may here in auticij)ati()n remark that 
these spectra are continuous, generally showing the whole 
length of spe(itrum, from red to violet, as in the sun’s spec- 
trum, though with many and important diti'erences as to the 
presence of dark and bright lines. A star cluster must, of 
course, give a similar spectrum, resulting from the super- 
position of the spectra of the single stars in the cluster. 
Many nebuke give a spectrum of this kind ; I’or instance, 
the great nebula in Andromeda. But it does not by any 
means follow from this that these objects arc only clusters 
of ordinary stars, as a continuous spectrum may be produced 
not only by matter in the licpiid or solid state, or by gases 
at high pressure, but also by gases at lower pressure but high 
temperature under certain conditions. A continuous spectrum 
in the case of a nei)ula, therefore, need not indicate that 
the nebula is a cluster of bodies comparable in size and 
general constitution with our sun. But if a spectrum of 
bright lines is given by a nebula, Ave can be certain that 
gases at low pressure are present in the object under 
examination. And this Avas precisely Avhat Sir William 
Huggins discoA^ered to be the case in many nebuhe. AVhen 
he first decided to study the spectra of nebuke, he selected 
for observation those objects knoAvn as planetary nebiikn — 
small, round, or slightly oval discs, generally Avithout central 
condensation, and looking like ill-defined planets. The colour 
of their light, which often is blue tinted Avith green, is re- 
markable, since this* is a colour very rare among single stars. 
The spectrum Avas found to be totally different from that of 
any star, consisting merely of three or four bright lines. 
The brightest one is situated in the bluish-green part of the 
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spectrum, and was at first thought to ho identical with a line 
ot tVie spectrum of nitrogen. More ac'CMirate measures have 
shoAvn subsequently that neither this nor the second nebular line 
correspond to any dark lines in the solar spectrum, nor can 
they be produced experimentally in the laboratory. We are 
therefore at present unable to ascribe them to any known 
elements. The third and fourth were at once seen to be 
identical Avith the two hydrogen lines Avell known in tlie solar 
spectrum. 

Spectrum analysis has here, as on so many other occ.asions, 
rendered services Avhicli no telescope (ioiild ever have done. 
After the monumental pioneer work of Huggins the spectra 
of nebuke have been studied by Vogel, (VApeland, Campbell, 
Keeler, and others, and a great many very iaint lines have 
been dtitected in addition to the four shown by an instru- 
ment of moderate dimensions. It is I’cmai'kable that the 
red C-line of hydrogen, ordinarily so bright, is either absent 
or excessively faint in the spectra of iielada.*, but experi- 
ments by Krankland and Lockyer have shown that under 
certain conditions of temperature and pressure the complicated 
spectrum of hydrogen is reduced to one green line, the F-line. 
It is, tlierefore, not surprising that the spectra of gaseous 
nebuke are comparatively simple, as the probably low density 
of the gases in them and the faintness of these bodies Avould 
tend to reduce the spectra to a sniall nimiber of lines. 
Some gaseous nebuke also show faint continuous spectra, 
the place of maximum brightness of Avhich is not in the 
yellow (as in the solar spectrum), but about the green. It 
is probable that these continuous s])e(itra are really an 
aggregate of very faint luminous lines. 

A list of all the nebuke knoAvn to have a gaseous 
spectrum would noAv contain about eighty members. In 
addition to the planetary nebuke, many large and more 
diffused nebulte belong to this class, and this is also the case 
Avith the annuk^r nebula in Lyra and the great nebula of 
Orion. It is needless to say that it is of special interest to 
find this grand object enrolled among the nebuke of a 
gaseous nature. In this nebula Copeland detected the 
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wonderful Dg line of helium jit a time when “helium” was 
a mere name, a hypothetieal something, but which we now 
know is a terrestrial clement Avidely distributed through the 
universe. It has since been found in several other nebuhe. 
T\ui ease with which the characteristic gaseous spectrum is 
recognised has suggested the idea of sweoj>iug the sky with 
a spectrosc^ope in oi’dcr to detect new planetary nebuke, and 
ji nuriibcr of such objects have actually been discovered by 
Pickering and Copeland in this manner. More recently Pro^ 
lessor Pickering has discovered other ])lanetary nebula;, by 
examining sj>e(;ti*um photographs of various regions of the 
sky. ^Most of these new objects Avhen seen through a tele- 
scope look like ordijiary stars, and their real nature could 
never have been detected Avithout the spectroscope. 

W’hen \\(; look up at the starry sky on a cknir night, the 
stars seem at lirst sight to be very irregularly distributed 
over the hoav(;ns. Here and there a few bright stars form 
(jhiu'acteristic groups, like Orion or the Oreat Pear, Avhile 
other ecjually large tracts are almost devoid of bright stars 
and (;ontain only a few insignificant ])oints. If we take a 
bino(ailai‘, or otlua’ small lelcs(;ope, and sweep the sky with 
it, the result seems to be the same — now we come across 
spaces ri(;h in stars; now Ave meet with com])aratively em])ty 
places. Put when we a[)proach the zone of the Milky Way, 
we are struck with tlui rapid increase of the number of 
stars whi(;h till tin‘ Held of the telescope; and Avhen Ave 
rca(;h tin; Alilky W'ay itself, it becomes very difHcult to 
separate the single points of light, which are packed so 
(dosely together that they produce the appearance to the 
naked eye of a la’oad. but very irregular, baud of dim light, 
wlii(;li <;veu a powerful telescope in some places can hardly 
resolve into stars. How arc avc to account for this remark- 
able arrangement of the stars? What is the reason ot our 
seeing so fcAv at- the ])arts of the heavens farthcist from the 
Milky and so veiy many in or near' that Avonderful 

hell ? ddio Hrst attenipt to give an answer to these cpiestions 
was made by Thomas Wright, an instrument maker in 
London, in a book published in 1750. He supposed the 
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stars of our sidereal system to bo distributed in a vast 
stratum of inconsiderable thickness compared with its length 
and breadth. Let us conceive a grindstone made of glass, in 
which a vast quantity of grains of sand or similar minute 
particles had become uniformly imbedded. If it were possible 
to place the eye somewhere near the centre of this grind- 
stone, it is (piite obvious that we should see very few particles 
near the direction ot the axle of the grindstone, but a great 
many in the direction of any point of the circumference. 
This was Wright’s idea of the structure of the Milky W ay, 
and he supposed the sun to be situated not very far from 
the centre of this stellar stratum. 

If on close study the structure of the Milky Way gave no 
other indication t/han that the stars appeared to increase 
rapidly in number towards a certain circle (almost a gre.it 
circle) spanning the heavens — then the disc theory might have 
a good deal in its fav(3ur, Hut the telescopic study ol’ the 
Milky Way, and even more the marvellous photographs of* 
its conqdicated structure produced by Professor Barnard, have 
given the deathblow to the old theory, and h.ave made it 
most reasonable to conclude that the Milky Way is really, and 
not only apparently, a stream or streams of stars encircling 
the hciivens. We shall shortly mention a few facts which 
point in this direcitiou. A mere glance is suiheient to show 
that the Milky Whxy is not a single belt of light ; near the 
(jonstellation A(]uila, it separates into two branches with a 
fairly broad intmv.d between them, and these branches do 
not meet again until they have proceeded far into the southern 
hemisphere. The disc theory had, in order to explain this, 
to assume that the stellar stratum was cleft in two nearly 
to the centre. Hut even if we grant this, how can we account 
for the numerous more or less dark holes in the Milk}" W 
the largest and most remarkable of which is the so-called 
“ coal sack ” in the southern hemisphere ? Obviously we 
should have to assume the existence of a number of tunnels, 
drilled through the disc-like stratum, and by some strange 
sympathy all directed towards the spot where our solar system 
is situated. And the many small arms which stretch out. 
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from tlie Milky Wjiy would have to be either planes seen 
ed^£(ewise or tlio convexities of curved siu*faces viewed tan- 
gentially. The improbability of these various assumptions 
is so great that the disc theory must be now abandoned. 
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CHAPTER XXIII. 

THE PHYSICAL NATCUE OP THE STARS. 

St.'ir Spectroscopes — Classification of Stellar Spectra— Type [.. with very Few 
Absorption Lines — Tyi)C II. , like the Siiii — 'Typo III., with Strongly Mark»'(l 
Dark Banda — Distribution of these Clas>es over the Heavens— ^lotion in 
the Line of Siglit — Orbital Motion Discovered with the Spectroscope: Now 
Class of Binaries — Spectra of Temporary Stars— Nature of thest? Bodies. 

We have frcqiiontly in tho previous chapters had occtision to 
refV‘r to tho revelntiuiis of the s])eetroseope, which toriii an 
iuiportfint ehnpter in the liistory of luodern science. By its 
aid a ini<>’hty stride has been taken in our attempt to compre- 
hend tlic pliysichl constitution of the sun. lii the presi'ut 
chapter we propose to <»ive an account of what the s])ectros(*o])0 
tells us about the physical constitution of tho tixed stars. 

Quite a new pluise of astronomy is here opened up. Ev(‘iy 
improvement in telescopes revealed fainter and fainter objects, 
l)iit all the telescopes in the world conM not answer th(^ 
(piestion as to whether iron and otluT (‘li‘ments are to he 
found in the stars. The ordinary star is a mighty ,f»-lowini( 
e;*lol)e, hotter than a Bessemer converter or n Siemens fnrnaee ; 
if iron is in tho star, it must he not oidy white-hot and molten, 
l)nt actually converted into va[)onr. But the vapour of iron is 
not visible in the telescope. How would yon recognise it ? 
How would yon know if it eomminifled with the va])onr of 
mnny otlier metals or other substances ^ It i.s, in truth, a 
delicate piece of analysis to discriminate iron in the m'lowiiiL^' 
atmosphere of a Sitar. Jhit the spectroscope is aderpiate to the 
task, and it renders its analysis with an amount of evidence 
that isp generally convincing. 

That the spectra of the moon nnd planets arc {)ractically 
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nothing l)nt faint reproductions of the spectrum of the sun 
was discovered by the great German optician Fraunlioter 
al)out the year 1816. By placing a prism in front of the 
object glass of a small theodolite (an instrument us(‘d for 
g(.*odetic measurements) he was able to aseertaiji that 
\'cnus and Mars showed the same spectrum as the sun, 
while Sirius gave a very different one. This important 
observation encouraged him to ])rocure better instrumental 
means with which to continue the work, and ho succa^eded 
in distinguishing tlio chief characteristics of iIk) various types 
ol* stellar spectra.. The form of instrument whicli Fraimliofer 
adopted for this work, in which the prism Avas placc'd out- 
side the ol)jcct glass of the telesco])c, is the simplest form of 
spectrosco])0 for observing spectra of objects of no sensible 
angular diameter, like the tixed stars. It has, however, not 
been much used until within the last few years, owing to the 
dil]i(mlty of obtaining ])risms of large dimcnsiojis, for it is 
obvious that the ])rism ought to be as large? as the obj(?e;t glass 
it’ the full power of the latter is to be made use of. The 
})arallcl rays from the stars are dispers<?d by the prism into a 
spe(?trum, and this is view(Ml by means ot' the tcb?s(‘o])e. But 
as the image of the star in the telescope is nothing but a 
luminous point, its spectrum will b(‘ merely a line in which 
it would not. be po.ssible to distinguish any lim'S cro.ssing 
it laterally siu'h as those avc sec in the spectrum of the sun. 
A cylindrical lens is, therefore, placed before the ey(‘])iec(‘ of 
the telescope, and as this has the effect of turning a ])oint 
into a line and a line into a band, the narrow spectrum of 
tlu‘ star is thereby broadened out into a luminous band in 
which we can distinguish any details that exist. In otluw 
forms of stellar spectroscoj)e we require a slit wliich must be 
placed in the hxius of the object glass, and the general 
arrangement is similar to that wliich we have desiailx'd in 
the chapter on the sun, except that a cylindrical lens is 
re(pnred. 

The study of tlie sjiectra of the tixed stars made hardly 
any progress until the principles of spectrum analysis had 
been established by Kirchhoff in 1859. When the dark 
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lines in the solar spectrum had been properly interpreted, 
it was at once evident that science had opened wide the 
gates of a new territory for hurnai] exploration, of the very 
existence of which hardly anyone had bei'n aware up to that 
time. Wo have seen to what splendid triumphs th(‘ study of 
the sun has led the investigators in this field, and we have seen 
how very valuable results liave been obtaiiu'd by the new 
method wlien applied to observations ot‘ comets and iiebnhe. 
We have now to give some account, of what has been learned 
with regard to the constitution of the fixed stars by the re- 
searches which were inaugurated by Sir W'illiam Huggins and 
continued and developed by him, as widl as by Sec(dii, Vogel, 
Pickering, Lockyer, Duner, Scheiner and others. Ilc^re, as in 
tlic other modern branches of astronomy, ])holography has 
played a most imjitu'tant }>art, not only because photographe<l 
spectra of stars extend much farther at ilu' violet end than 
the observer can see when he tnerely makes a visual obs(a-va- 
tion of the spectrum, but also becaus(^ the positions of the 
lines can be very accurately measured on the photographs. 

The first observer wlio reduced the a,ppar(‘ntly chaotir^ 
diversity of stellar spectra to order was Secchi, who showed 
that they miglit all be grouped according to four tyjx^s. 
Wilhifi thci last thirty years, liowevau', .so many morlifications 
of the various types have ])een fouml that it has b(‘(‘om<^ 
necessary to subdivide Secchi’s types, and most o})S(M’V(‘rs 
now mak(3 use of Vogels classification, wliuh wo shall also 
for (amvenieiiee ad()])t in this cha])ter. 

7’/y/>c I . — In the spectra of stars of this class Ukj metallic 
lines, wltich are so very numerous and conspicuous in tlui suns 
violet spectrum, arc very faint and tliin, or (juite invisible, and 
the blue and white parts are very intensely bright. Vogel 
subdivides the class into throe groups. In tlui first (I. a) the 
hydrogen lines are present, and arii I’cmarkably broad and 
inteiis(i; Sirius, Yoga, and llegulus arc examples of this group. 
The great breadth of the lines probably indi(;at(‘S that these 
stars arc surrounded by hydrogen atmos])hercs of great 
dimerisions. It is generally acknowlcdg(*d that stars of this 
group must be the hottest of all, and support is lent to this 
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view by the appearance in their spectra of a certain niagnesiuni 
line, which, as Sir Norman Lockyer showed by laboratory ex- 
periments many years ago, does not appear in the ordinary spec- 
trum of jiiagnesium, but is indicative of the presence of the 
substance at a very high temperature. In the spectra of stars 
of (iroup 1. b the hydrogen lines and the few metallic lines are 
of equal breadth, and the magnesium line just mentioned is the 
strongest oi' all. Higel and several other bright stars in Orion 
belong to this grciq), and it is remarkable that helium is present 
at least in some ot those stars, so that (as Professor Keeler re- 
marks) the spectrum of Rigel may almost be regarded as the 
nebular spectrum n.'versed (lines dark instead of bright), except 
that the two (diief nebular lines are not reversed in the star. 
This fact will doubtless eventually be of great importance in 
the explanation of the successive development of a star from 
a nebula. 'Fhe stars of this class arc no doubt also of very 
high temperatur(‘. This is probably not the case with stars 
of the third subdivisiou of Type T. (I. c), the spectra of which 
are distinguished by the presence of bright hydrogen lines 
and the bright helium line lb,. Among the stars having this 
very remarkable kind of spectrum is a very interesting variable 
star in the constellation Lyra (13) and a star also in Cassiopeia 
(r), both of which have been assiduously observed. Their spectra 
possess numerous peculiarities which render an explanation of 
the physical constitution of the stars of this subdivision very 
difficult. 

Passing to Tj/pf' IL, we find spectra in which the metallic 
lines are strong. The, more refrangible end of the spectrum 
is fainter than in the previous Class, and absorption bands 
are sometimes found towards the red end. In its first sul)- 
division (11. a) arc contained spectra with a large number of 
strong and w(‘lbdefined lines due to metals, the hydrogen lines 
being also well s(M.Mn thoTigh they are not specially conspicuous 
Among the very numerous stars of this group are (.'apella, 
Aldebaran, Arctiirus, Pedlux, etc. The sj)ecti;a of these, stars 
are in fata, practically identical with the spectrum of our own 
sun, as shown, for instance, by Dr. Scheiner, of the Potsdam 
Astrophysioal Obst'rvatory, who has measured several hundred 
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lines on photographs of the spectrum of Capella, anti found 
a very close agreement between these lines and corre- 
sponding lines in the solar spectrum. Wc can hardly doubt 
that the physical constitution of these stars is very similar to 
that of our sun. This cannot bo the tiasc with the stars of 
the second subdivision (Tl. b), the spectra of which arc very 
complex, eatdi (consisting of a continuous spectrum (Tossed by 
numerous dark lines, on which is superposed a second speci.rum 
of bright lines. Upwards of seventy stars are known to possess 
this extraordinary spectrum, the only bright one among them 
being a star of the third magnitude in the southern c()n- 
stcllatioii Argus. Here again we have hydrogen and helium 
represented by bright lines, while the origin of the rtunaining 
bright lines is doubtful. With regard to the physical con- 
stitution of the stars (jf this grou]> it is very dilliciilt to come 
to a definite conclusion, but it would seem not unlikely that 
in this class wc find stars which are not onl}^ surrounded 
by an atmosphere of lower temperature, causing the dark lines, 
but whit'h, outside of t.hat, have an enormous envelope of 
hydrogen and other gases. Tn one star at least of this group 
Professor Campbell, of the Lick Observatory, has staai the K 
line as a long line extending a very ap[)re(aable distance on 
each side of the continuous spectrum, and with an ojien slit it 
appeared as a large (drcular disc about six setionds in diameter; 
two other princijial hydrogen lines showed the sanu^ appearantn. 
As far as this observation gtxvs, the e.xisttaice of an extensive 
gaseous envelope surrounding the star seems to be indi(;ated. 

Type III. contains comparatively few stars, and the spectra 
arc characterised by numerous dark bands in addition to dark 
lilies, while the more refrangible parts are vtay faint, for which 
reason the stars are more or less red in colour. This (dass 
has two strongly marked subdivisions. In the first (III. a) 
the principal al)sorj)tion lines (coincide with similar ont^s in the 
solar spectrum, but with great differcimes as to intensity, many 
lines being much 'stronger in these stars than in the sun, while 
many new lines also appe.ar. The.se dissimilarities arc, however, 
of less 'importance than the peculiar absorption bands in the 
red, yellow, and green parts of the spectrum, overlying the 
F F 
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iiietiiHic lines. Tliey arc sharply dcHncd on the side towards 
the violet and shade off i^n'adually towards the red end of 
the S[)cctriiin. Hands of this kind belong to ehcinical coiii- 
biiiations, and this appears to show that somewhere in the 
atmospheres of these distant suns the temperature is low 
enough to allow stable ehcmical combinations to be formed. 
The most important star of this kind is Bctelgeuze or 
a Orionis, the red star of the first magnitude in the shoulder 
of Orion ; but it is of special importance to note that many 
variable stars of long period have spectra of Type TTI. a. 
In the case of the more important variable stars of this class, 
Sir Norman Lockyer ])redicted in I8S7 that bright lines, 
probably of liydrogen, would eventually be found to a[)pear 
at the maximum of brightness, and this was soon afterwards 
continued bv the annoimcemeut that J^i-ofessor rickcring had 
found a numbei* of bright hydrogen lines on photographs, 
obtained at Harvard (hllegc Obsci’vatory, of the spectrum of 
th(5 remarkable variable, Alira (^eti, at the time of maximum. 
Professor Pickering has since then reported that bright lines 
have been found on the plates of forty-oiu'- previously known 
variables of this class, and that more than twenty other 
stars have hocn detected as variables by this jx.'culiarity of 
their sp(‘ctruni ; that is, briglit lines being seen in them sug- 
gested that, the stars were variable, and further })hotometi*ic 
investigat.lons con’oborated the fact. 

The second subdivision (111. b) contains only com])aratively 
faint stars, of which none exceeds the fifth magnitude, and it is 
limited to a small number of red stars. The strongly marked 
bands in their spectra arc sharply defined and dark on the 
red side, while they fade away gradually towards the violet. 
This is the reverse of Avhat we see in the spectra of III. a. 
These hands appt'ar to arise from the absorption due to 
hydro(iarbon vapours present in the atmospheres of these 
stars; but there are also some lines visible which indicate 
the presence of metallic vapours, sodium' being certainly 
among these. There can he little doubt that these stars repre- 
sent the last stage in the life of a sun, when it has cooled down 
considerably and is not very far from actual extinction, owing 
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to the increasin.Q^ absorption of its rcinainiiig light in the 
atmosphere surrounding it. 

The method employed for the spcetroscopie determination 
of the motion of a star in the lino of sight is the same as the 
method Ave have described in the chapter on the sun. The 
position of a certain line in the spectrum of a star is comj)ared 
with the position of the corres])onding bright line of an 
element in an artificially ])roduced s[)ec(rum, and in this 
manner a displacement of the stellar line either toAvards the 
vioU^t (indicating that the star is approaching us) or toAvards 
the red (indicating that it is receding) may l)e dc'tec.ted. The 
earliest attempt of this sort was made in bSdT by Sir William 
Huggins, Avho compared the F line in the s])ectrum of Sirius 
Avith the saine line of the s])(M*trum of hydrogen contained in 
a vacuum tube refle(ded into the field of his astronomical 
spectroscope, so that tlu^ two spectra ap])C‘ared side by 
side. Tlie Avork thus commenced and continued by Sir 
William Huggins, Avith the invaluable assistance of Lady 
Huggins, Avas afterwards taken up at th('. (IroenAvich Ob- 
servatory and <^lseAvher(‘. The values obtaiiuMl Ly different 
observers did not, however, always agree, and not evtai those 
by the same observer on different nights. This is not to be 
Avondered at Avhen Ave bear in mind that the velocity of light 
is so enormous compared Avitli any velocity with Avhich a 
heavenly body may travel, that the change of wave length 
resulting from the latter motion can only be a very minute 
one, difficult to ])erceivo, and still more diflicadt to measure. 
Hut since photography was first, made use of for these in- 
vestigations by Hr. ^h)gel, of Potsdam, nnudi more accordant 
and reliable results liave been obtained, though even now 
extreme care is reqTiired to avoid systematic, errors. To give 
some idea of the results obtainable, Ave present in tlie folloAving 
table the values of the velocity per second of a number of 
stars observed in 189G and 1897 by Mr. H. F. NeAvall Avith 
the Bruce spectrograph attached to the great 25-inch Ncwall 
refracto,r of the Cambridge Observatory, and we have added 
the values found at Potsdam by Vogel and Scheiner. The 
results are expressed in kilometres (I km = 0()2 English 
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mile). The sign 4- means that the shxr is receding from 
us, — that it is approaching. 



Newall. 


Vo-el. 

Scheinor 

Aldebaran... 

... l- 19 -2 


+ 47-0 

+ 49-4 


... f- lO-G 


+ lo-O 

1 - l.S -8 

Procyoii ... 

... — 1-2 


— 7-2 

--10*5 

1 ‘olliix 

... — 0-7 


+ 1*9 

-f 0-4 

7 Looiiis ... 

... — 39*9 


— 36-5 

--40 -5 

Arcturus ... 

... — 0*4 


— 7*0 

— S'3 


These results have l)een corrected for the earth’s orbital 
motion round the sun, but not for the sun’s motion through 
s{)aec, as the amount of the lattci* is practically unknown, or 
at lesst very uncertain ; so that the above figures really represent 
the velocity ])or se(!ond of the various stars relative to the 
sun. \V(i may add that the direction and velocity of the 
sun’s motion may eventually be ascertained from spectroscopic 
nK'asures of a great number of stars, and it si'ems likely 
that the sun’s velo(;ity will bo much more accurately found 
in this way than by the older method of combining proper 
motions of stars Avith speculations as to the average distances 
of the various chisses of stars. This has already been at- 
tempted by Dr. Ivem])f, Avho from the Potsdam spectro- 

graphic observations found the sun’s velocity to be 18*0 
kilometres, or llo miles per second, a result which is probably 
not far from the truth. 

13ut the spectra of the fixed stars can also tell us 
something about orbital motion in these extremely distant 

systems. If one star revolved round another in a plane 
passing through the sun, it must on one side of the orbit 
move straight towards us and on the other side move 
straight away from us, while it Avill not alter its distance from 
us Avhile it is passing in front of, or behind, the central body. 
Tf Ave tlu'i’idbre find from the spectroscopic observations that 
a star is alternatidy moving towards and axvay from the earth 
in a certain period,* there can be no doubt that this star is 
traAolling round soiiie unseen body (or, rather, round the 

centre of gravity of both) in the period indicated by the 

shifting of the spectral lines. In Chapter XIX. Ave mentioned 
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the variable star Algol in the constellation Perseus, Avhich is 
one of a class of variable stars distinguished by the fact that 
for the greater part of the period they remain of unaltered 
brightness, while for a very short time they become con- 
siderably fainter. That this was caused by some sort of 
an eclipse — or, in other words^ by the pcrio(li(‘. passage of 
a (lark body in front of the star, hiding more or less of 
the latter from us — was the simplest possible hypothesis, 
and it had already years ago been graierally accepted. 
But it was not possible to prove that this was the true 
explanation of the periodicity of stars like Algcd until Pro- 
fessor Vogel, from the spectroscopic observiitions made at 
Potsdam, found that before every minimum Algol is rec(Mling 
from the sun, while it is a])pr(.)aching us after the minimum. 
Assuming the orbit to be circular, the velocity of Algol 
was found to bo tw(;ntv-six miles per scjcond. From this and 
the kmgth of the ])(i*iod (2d. 22h. 4(Sm. 55s.) and the time 
of obscuration it was easy to compute the size of the orhit 
and the actual dimensions of th(‘. two bodiijs. It was (‘ven 
possible to go a step further and to cahiulate trom the orbital 
vclo('ities the masses of the two Ixxlics/^' assuming them to 
be of equal density — an a.ssumption whic'h is we admit vei-y 
uncertain. The following arc the approximate elements ot the 
Algol system found by Vogel : — 


Dianuicr of Al^^ol 
Diiiiiiotcr of (.‘Oinp.'iTu’on 
Dis^tanco hetwoni tlu.’ir centies 
( )i'l)ital velocity of AIj^ol 
Orbital velocity of companion 

]Mas8 of Ali^ol 

Mass of companion 


miles. 

s2r>,()oo „ 

Z, ‘220, 00(1 „ 

2G „ 
o') ,, 

of sun’s mass. 


The period of Algol has ])eon gradually decreasing during 
the last century (by six or seven seconds), but whether this 
is caused by the motion of the pair round a third and very 
much more distant body, as suggested by Mr. Chandler, has 
still to be found'* out. 

Wo have already mentioned that in order to y)rodu('.e 
eclipses, and thereby variations of light, it is necessary that 

♦ See Chapter XIX., on the mass of Sirius and his satellite. 
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the line of sij^^ht should lie nearly in the ])lanc ot the orbit. 
It is also essential that there should be a considerable dif- 
ference of bi‘ii(htness between the two bodies. Tliese condi- 
tions niust be fulfilled in the fifteen variable stars of the 
Aljj^ol (^lass now known; but accordinjj^ to the theory of prob- 
ability, th(T(^ must be many more Innary systems like that 
of Al<^ol where these (conditions arc not fulfilk'd, and in these 
enses no variations will occur in the stars’ brightness. Of 
course, avo know many cases of a luminous star traAxdling 
round another, but there must also be (cases of a large com- 
panion travelling round another at so small a, distance that 
our t(‘l(cscopes are unable to ‘'divide” the double star. This 
has been verified by the spectroscope. 

If an extremely (dose (hjuble or binary star is examined 
Avith the spectroscopic, the spectra of the two components Avill 
bo superposed, a-nd we shall not at first be aware that we see 
two different speclra. l>ut during the revolution of the two 
bodies round their common centre of gravity there Avill 
generally (.come ejaxchs AAdien one body is moving towards 
us and the other moving from us, and conseciueiitly the linccs 
i]i the spectrum of the fornucr Avill be subjecct to a miiiute 
relative shift towards the violet end of the spectrum, and those 
of the other to a minute shift toAvards the red. Those lines 
Avhich are common to the tAvo speictra Avill theixfore periodically 
Ix'come double. A discovery of this sort Avas first made in 
18 (S 0 by Professor Pickering from ])hotographs of the spectrum 
of ]\lizar, or f Ursac Majoris, the larger (component of the Avell- 
knoAvii double star in the tail of the Great Hear. Pertain of 
the lines Avicre found to be (hnible at intervals of lifty-tAVo days. 
Tlie ma-xinium separation of the tAvo components of each line 
corresponds to a relative velocity of one star as compared Avith 
the other of about a hundred miles per second. The subse- 
(juent obseiwations have shoAvn the case to be Axry complicated, 
either Avith a very eccentric elliptic orbit or possibly OAving to 
ihe presence of a third body. 

The Harvard College photographs also shoAved periodic 
duplicity of lines in the star ^ Aurigie, the period' being 
only :> days 2d hours d7 minutes. In 1891 Vogel found, 
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from photographs of the speotnim of Spira, tlic first magni- 
tude star ill A irgo, tliat this star alternately recedes from and 
approaches to the solar system, the period being lour days. 
Certain other “spectroscopic binaries” have siiu^e then been 
found, nota])ly one component of Castor, Avitli a period of 
throe days, found by jVf. llelopolshy, and a star in the con- 
stellation Scorpio, with a ])eriod of only thirly-lbur hours, 
detected on the Harvard spe(*trograms. 

More recently Mr. H. F. Newall, at Cam])ridge, and Mr. 
Campbell, of the Jiick Observatory, have shown that a Aurigje, 
or Capella, consists of a sun-like star and a krocyon-like star, 
revolving in 104 days. 

At first sight tliere is something v(Ty startling in the 
idea of two suns ('irc.ling round ea(jh other, sc[)arated by 
an interval Avhich, in comparison with their diaiiu'tei’s, is only 
a very small one. In the Algol system, for instance, wo have 
two bodies, one the size of our own sun and the other slightly 
larger, moving round their common centre of gravity in less 
than thre(i days, and at a distance In'twinai tluar sui*faces ecpial 
to only twice the diameter of the larger one. Again, in the 
system of Spica we have two great suns swinging round each 
other ill only four days, at a dist-am^e ecpial to that betweiai 
Saturn and his sixth satellite. Ihit although we have at 
present nothing analogous to this in our solar systian, it can 
be proA^ed mathematically that it is perfectly possible for a 
system of this kind to preserve its stability, if not for cv(‘r, 
at any rate for ages, and ive shall see in our last chapter that 
there Avas in all ])robability a tinu^ Avdien the ('arth and the 
moon formed a ])eculim* system of two bodies revolving rapidly 
at a A'Ciy small distance compared to the diameters of the 
bodies. 

Jt is jiossible that Ave have a, more c.om])licated system 
in the star known as Lyrre. This is a A^ariabl(‘, star of great 
interest, having a period of twelve days and twenty-two hours, 
in which time it* I'ises from magnitude 4^ to a little above 
then sinks nearly to magnitude 4, rises again to fully 81, and 
finally falls to magnitude 41. In hSOl Professor Pickering 
discovered that the bright lines in the S 2 )ectrum of this star 
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changed their position from time to time, appearing now on 
one side, now on the other side of corresponding dark lines. 
Obviously those bright lines change their wave length, the 
light-giving source alternately receding from and approaching 
to the earth, and the former appeared to bo the case during 
one-half of the period of variation of the star’s light, the latter 
during the other half. The spectrum of this star has been 
further examined by Belopolsky and others, who have found 
that the lines are apparently double, but that one of the 
components either disappears or becomes very narrow from 
time to time. On the assumption that these lines wcu’o really 
single (the apparent duplicity resulting from the superposition 
ot‘ a dark line), Belopolsky determined the amount of their 
displacement by nu^asuring tlu^ distances from the two edges 
of a line ot hydrogen (F) to the artificial hydrogen line 
produ(‘(Hl by gas glowing in a tube and ])hotographcd together 
with the star-spectrum. Assuming the alternate approach 
and recession t.o bo causcal by orbital revolution, Belopolsky 
found that the body emitting the light of the bright 
lines inov(,‘d with an orbital velocity of forty-one miles. 
He siiccc’oded in 18f)7 in observing the displacjcment of a 
(lark line duo to magnesium, and found that the body 
emitting it was also moving in an orbit, but while, the 
velocities given by the bright F line are positive after the 
principal minimum of the star’s light, those given by the 
dark iine an^ negative. Therefon;, during the prindpal 
minimum it is a star giving the dark line which is eclipsed, 
and during the secondary minimum another star giving the 
bright line is eclipsed. This wonderful variable will, however, 
recpiire iiirther observations before the problem of its consti- 
tution is finally solved, and the same may be said of several 
variable stars, e.g. rj AcpiiLe and S Cephei, in which a want 
of harmony has been found between the changes of velocity 
and the fluctuations of the light. 

There are soing striking analogies between the complicated 
spectrum of Lyrai and the spee.tra of temporary stars. The 
first “ new star” which could be spectroscopically examined was- 
that, which appeared in Corona Borealis in 18GG, and which 
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was studied by Sir W. Huj^gins. It showed a eontiiuioiis 
spectruiu with dark absorption lines, and also the bright lines 
of hydrogen; practically the same spectrum as tlu^ stars ol 
Type IT. b. This was also the case with Schmidt’s star 
of 1876, which showed the helium line (l);d and the principal 
nebula line in addition to the lines of hydrogen; but, in the 
autumn of 1877, when the star liad lallen to the tenth magni- 
tude, Dr. Copeland was surprist'd to lind that only one line 
was visible, the principal nebula line, in which almost the whole 
light of the star was concentrated, the (;ontinuous spe(jtnim being 
hardly traceable. It seemed, in fact, th.*it the star had been 
transformed into a planetary nebula, but later the spi‘('-trum 
seems to have lost this peculiar monochromatic character, 
the nebula Jiiui having disa,pp(‘arcd and a, faint continuous 
spectrum alon(‘ being visible^, which is also the case Avith the 
star of 1866 sinc.(^ it sank down to the tenth magnitu<le. A 
continuous spectrum was all that could be seen of the lunv 
star Avliich broke out in the nebula of Andromida in 1885, 
much the same as the spectrum of the nebula itself. 

When the mnv star in Auriga was announced, in hi^bruary, 
1892, astronomers Avere better pre])ared to obsoi’vc; it, spec.'tro- 
scopi(*aIly, as it was now possible by iiK^ans of photography 
to study the ultra-violet part of the s])e(jtrum whi(;h to the (iye 
is invisible. The visible spectrum was viay lik(^ that of Nova 
(ygni of 1876, but AvhVn tie? AvaA'e-lengtIis of all the bright 
lines seen and pliotograjdicd at th(‘ Jack Observatory and at 
Potsdam were mcasuiv.d, a strong n'semblance to the lu’ight line 
spectrum of the chromosphen^ of the sun became Axay evident. 
The hydrogen lines Avere very conspicuous, while tlu) iron lines 
Avere ve>y numerous, ami calcium and magnesium Avere also 
represent(Ml. The most remarkable revelation made by the 
photographs was, hoAvever, that the bright lines were in 
many (aises accoinpa,ni(Ml, on the side iK^xt the violet, hy 
broad dark bands, Avhile both bright and dark lin(‘S were oi 
a coihposite clijAacter. ^lany of the dark lines had a thin 
bright line superposed in the middle, Avhile on the other hand 
many of the bright lines had at tAvo or three points maxima 
of brightness. The results of the measures of motion in 
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the lino of sight Avcrc of special importance. They showed 
that the source of light, wluaice (anno the thin bright 
lines within the dark ones, was travelling towards the sun 
at the enormous rate of 400 miles per second, and if the bright 
lines were actual “reversals” of the dark ones, then the 
source of the absorption spectrum must have been endowed 
with much the same velo<aty. On the other hand, if the 
two or three maxima of brightness in the bright lines really 
represent two or thixic separate bodies giving bright lines, 
the measures indi(‘ato that, the ])rincipal one was almost 
at rest as r(‘gai‘ds the sun, while the others Avere receding 
from us at the extraordinary rates of 300 and 000 
miles per second. And as if this were not sufHciently 
puzzling, the star on its revival in August., 1(S92, as a tenth 
magnitude star had a totally different spectrum, showing 
nothing but a numbc'r of the bright liiKJS belonging to planetary 
nebula) ! It is possible that the most important of these lines 
were present in the sjiectrum from the first, but that their 
Avavc lengths had been different owing to change of the motion 
in the lino of sight, so that the nebula lines seen in 
the autumn were identical Avith others seen in the spring at 
slightly dilferent ])laces. Subseqiuait observations of tlu'se 
nebula lines S('emed to point to a motion of the Nova towards 
the solar system (of about 150 miles per second) which gradually 
diminished. 

Jhit although Ave are obliged to confess our inability 
to say for certain Avhy a temporary star blazes up so 
suddenly, we have every (*ause to think that these strange 
bodies will by degrees tell us a great deal about the con- 
stitution of the iixed stars. The great A^ariety of spectra 
Avhich we sec in the starry univers(\ nebula spectra Avith 
bright lines, stellar spectra of the same general character, 
others with broad absori)tion bands, or numerous dark lines 
like oi;r sun, or a few absorption lines only — all this sIioavs 
us the universe as •teeming Avith bodies in Various stages of 
evolution. We shall have a few more words to say on this 
matter Avhen Ave come to consider the astronomical signifi- 
cance of heat ; but Ave have reached a point Avhere mans 
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intellect can hardly keep pace with the developnient of our 
instruiiieiital I’esources, and Avhcre oiir imagination stands 
bewildered Avhen wo endeavour to systematise the knowledge 
we liave gained. That groat caution will liave to be exer- 
cised in the interpretation of the observed phenomena is 
evident from an investigation made by tlie late Professor 
Kowland, from which Ave learn that spectral lines ai’e not 
only Avidened by increased pressure on the light - giving 
vapour, but that they may be bodily shifted thereby. Dr. 
Zeeman’s discovery, that a line from a source placed in a 
strong magnetic held may be both widened, broadened, and 
Tiiultiplied, Avill also increase our dithculties in the interpreta- 
tion of these obscure phenomena. 
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CHAPTER XXIV. 

THE PliECESSlOX AND NUTATION OF THE EARTH’s AXIS. 

The Polo is not a Fixorl Point- -Its Plflect on tho Appaniiit Places of the Stars - 
Th(i Illustration of tho Pcg-'l’op — Tho Disturbing P’orce which acts on tho 
Plarth— Attraction of tho Sun on a Olobo -'Fho Protuberance at tho Plquator 
— The Attraction of tlio Protuberanco by tho Sun and by tho ^loon produces 
IVecession — Tho Piniciency of tins Pre(;ossional Agon! varies inversely as the 
Cube of tho Distance — 'I’ho Relative ElUciency of the Sun and tlui Moon — 
How tho Pole of tho Earth’s Axis revolves round the Pole of the Ecliptic — 
V'ariation of Latitude. 


The position of tlio polo of the heavens is most conveniently 
indicated by the brii»’ht star known as the Pole Star, whi(di 
lies in its immediate vuiinity. Around this pole the whole 
heavens appear to rotate once in a sidereal day ; and we have 
hitherto always referred to the pole as thoii'j^h it were a fixed 
point in tlie heavens. This laiigiai^^o is sulHcicntly correet 
wlu'n we cnibrace only a moderate period of time in our review, 
[t is no doubt true that tho pole lies near the Pole Star at 
the present time. It did so during the lives of the last genera- 
tion, and it will do so during the lives of tho next generation. 
All this time, howtjver, the pole is steadil}^ moving in tho 
heavens, so that tho time will at length (^oiiio when the pole 
will have de})arted a long way from the present Pole Star. 
This movement is incessant. It can be easily detected and 
measured by the instruments in our observatories, and astron- 
omers arc familiar with the fact that in all their cakiulations 
it is necessary to hold special account of this movement of tho 
pole. It produces an apparent change in the position of a star, 
wliich is known by the term “precession.” 

The movement of tlic pole is very clearly shown 'in the 
accompanying figure (Fig. 100), for which I am indebted to the 



PRECESSIOy AND NUTATION OF KARTIFS AXIS. 493 


kindness of the late Professor C. Piazzi Smyth. The circle 
shows the track along which the polo moves among the stars. 



Star-niaj? , rcpresejilin^ tiw ^rtc££sianal/ mcv€m4n(/ 
of Ihe/ CaZi-eli-a/y PoltA of roi^tH-on/ and/ U/ 

froTTir'' i ft *r000 B.C. t/> th*.fjt.etr ZOOO A. B . 

S'jmboh aJUpUd/ t« rfpruuU> i/io /nacnUtula or fnahlnutu ef thc'ftart^ >1'^ U i*'p . 


Fig. 100. 


The centre of the circle in the constellation of Draco is the pole 
of the ecliptic. A complete journey of the polo occupies the con- 
siderable period of about 25,807 years. The drawing shows the 
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position of the pole at the several dates from 4000 n.c. to 2000 
A.D. A glance at this map brings prominently before ns how 
casual is the i)roximity of the pole to the Pole Star. At present, 
indeed, the distance of the two is actually lessening, but after- 
wards the distance will increase until, when half of the revolution 
has been accomplished, the pole will bo at a distance of twice 
the radius of the circle from the Pole Star. It will then 
happen that the pole will be near the bright star Vega or 
a Lyra*, so that our successors some 12,000 years hence may 
make use of A"ega for many of the purposes for whicli the 
Pole Star is at present employed 1 Looking bac.k into past 
ages, we see that some 2,000 or J1,000 years ]].a the star 
a Draconis was suitably ])laced to serve as the Pole Star, 
when jd and 8 of the Great Pear served as pointers. It need 
hardly be added, thiit since the birth of a(;curate astronomy 
the course of th(3 ])ole has only been observed over a very 
small part of the mighty circle. We ai*e not, however, 
entitled to doubt that the motion of the polo will continue 
to pursu(3 the same path. This will be made abundantly 
clear when we pro(;eed to render an explanation of this 
very interesting plumomenon. 

The north ])ole of the heavens is the point of the celestial 
sphere towards which the northern end of the axis about 
which the earth rotates is directed. It therefore follows that 
this axis must be constantly changing its position. The 
character of the movement of the earth, so lar as its rota- 
tion is concerned, may bo illustrated by a very common toy 
with which every boy is familiar. When a peg-top is set 
spinning, it has, of course, a very rapid rotation around its 
axis : but besides this rotation there is usually another 
motion, whereby the axis of the peg-top does not remain in 
a constant din'ction, but moves in a conical path around the 
vertical line. The adjoining figure (Fig. 101) gives a view of the 
peg-top. It is, of course, rotating with great rapidity around 
its axis, while the nxis itself revolves around* the verticc^l lino 
with a very deliberate motion. If we could imagine a vast 
peg-top which rotated on its axis once a day, and if that axis 
were inclined at an angle of twenty-three and a half degrees 
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to the vertical, and il' the slow coni(?al motion of the axis 
were siuth that the revolution of the axis were completed in 
about 2G,00() 3 'ears, then the movements would resemble those 
actually made by the earth. The illustration of the peg-t.op 
conu's, indeed, very close to the actual phenomenon of pre- 
cession. In each case the rotation about tlu) axis is far more 
rapid than that of the revolution of the axis itself; in each 
case also the slow movement is due to an ext(n*na,l in tin- fere nee. 
Looking at tln^ ligure of the peg-top (Lig. 101) we may ask 
tlu; (piestion, Why does it not fall down ? The obvious elleet 
of gravity would seem to say that it is im- 
possible foi‘ the peg-top to be in the position 
shown in the figure. Vet everybody knows 
that this is possible so long as the top is 
spinning. If the lo]) were not spinning, it 
would, of eours(j, fail. It thendbre follows 
that the effect of the rapid rotation of th(‘ 
top so modifies the efieet of gravitation that. 
th(^ latter, instead of ])roducing its apparently 
obvious conso([uenc.(‘, ca.us(‘s the slow conical 
motion of the axis of rotation. This is, no 
doubt, a dynamical question of some diffi- 
culty, but it is easy to verify experimentally 
that it is the ('ase. If a top be c.onstructod so (hat the point 
about which it is s])inning shall coiiuade witli th(3 centre, of 
gravity, then there is no cffecd. of gravitation on the top, and 
there is no conical motion perceived. 

If till'- earth wi'.re subject to no external interference, then 
the direction of the axis about which it rota-tes must remain 
for ever constant; but as the direction of the axis does not 
remain constant, it is necessary to seek for a disturbing 
foriio adequate to the production of the phenomena 
which are observed. We have invariably found that the 
dynamical phenomena of astronomy can bo accounted for 
by the law of iftiiversal gravitation. It is therefore natural 
to enquire how far gravitation will render an account of 
the pBcnomcnon of precession ; and to put the matter in 
its simplest form, let us consider the effect which a 
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distant attracting body can have upon the rotation of the 
earth. 

To answer this (juestion, it becomes necessary to define 
precisely what we mean by the earth ; and as for most pur- 
poses of astronomy we regard the earth as a spherical globe, 
we shall commeiKie with this assumption. It seems also certain 
that the interior of the earth is, on the whole, heavier than 
the outer portions. It is therefore reasonable to assume that 
the density increases as we descend ; nor is there any sullicient 
ground for thinking that the earth is much heavier in one 
])art than at- any other part ecpially remote from the centre. 
It is tlu'refore usual in such calcailations to assume that the 
earth is fornujd of concentric spherical shells, each one of 
whi<ih is of uniform density ; while th(^ density decreases from 
each shell to the one exterior thereto. 

A globe of this constitution being submitted to the attrac- 
tion of some external body, let us examine the effects which 
that external body can produce. Suppose, foi* inst-anc(‘, the 
sun attracts a globe of this chara(iter, what movements will 
be the result? The first, and most obvious result is that 
which we have already so frequently dis('ussed, and which is 
cxpress(*(l by Keplers laws: the attraction will compel the 
earth to revolve around the sun in an idliptic path, of which 
the sun is in the focus. With this movaanent we are, how- 
ever, not at this moment concerned. We must enquire liow 
far the sun’s attraction can modify the earth’s rotation around 
its axis. It can be demonstrated that the attraction of the 
sun Avould be powerless to derange the rotation of t-he eartli 
so constituted. This is a result Avhich can be formally proved 
by mathematical calculation. It is, howev(T, sulliciently 
obvious that the force of attraction of any distant point on 
a symmetrical globe must pass through the centre of that 
globe ; and as the sun is only an enormous aggregate of 
attracting points, it can only produce a corresponding multi- 
tude of attractive forces ; each of these forced passes through 
the centre of the earth, and consecpiently the resultant force 
which expresses the joint result of all the individual 'forces 
must also be directed through the centre of the earth. A 
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force of this chara(* 4 cr, whatever other potent influence it 
may have, will be j^owerless to affect the rotation of tlu^ earth. 
If the earth be rolatiiii^ on an axis, the direction of that 
axis Avould be invariably preserved ; so that as the earth 
revolves around the sun, it would still continue to rotate around 
an axis which always remained parallel to itself. Nor would 
the attraction of the earth by any otlier body prove inore 
efficacious than that of the sun. If the earth rc'ally wt're 
the syninietrical globe we have supposed, l-hen the attraction 
of the sun and moon, and even the influence of all the 
planets as well, would ntiver bo competent to make the 
earths axis of rotation swerve for a single second from its 
original direction. 

We have tluis nari'owed very closely tlie siiarch for the 
cause of the “ ])recession.” If tlie earth were a ixTlbct sphere, 
precession would 1)0 inexplicable. W^e are therofore for(‘ed 
to sock for an (explanation of prextession in the fa<‘t tliat the 
earth is not a perfeet sphere. This wo have already (hanon- 
strated to be the case. We liave shown that the (apiatorial 
axis of the earth is longer than the polar a.xis, so that there 
is a protuberant zone girdling the ecpiator. The attraction 
of external bodies is abh‘ to grasp this protuberance, and 
thereby force the (.‘arth’s axis of rotation to change its 
direction. 

There are only two bodies in the universe wlii(‘-h sensibly 
contribute to the pret'ossional jnovement of the earth's axis: 
these bodies are the sun and the moon. The sliarcs in 
whi(3h the labour is borne by the sun and tli(' moon are not 
what might have been cx))ected from a hasty \w\v of the 
subject. This is a ])oint on which it Avill be desirablo to 
dwell, as it illustraU^s a ])oint in the theory ol‘ gravitation 
which is of v(3ry (?onsidcrablo importance. 

The law ot gravitation asserts that the intensity of the 
attraction whi(di a body can exercise is directly pro])ortional 
to the *niass of that body, and inversely proportional to the 
square of its distance from the attracted point. AVe can thus 
compart the attraction exerted upon the earth by the sun 
and by the moon. The mass of the sun exceeds tlie ma.ss 
G G 
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of tlie moon in the proportion of about 26,000,000 to 1. On 
tlie other hand, the moon is at a distance whi(di, on an average, 
is about ono-8(S(ith part of that of the sun. It is thus an 
easy calculation to show that the efficiency of the sun’s attrac- 
tion on the earth is about 175 times as great as the attraction 
of tlie moon. Hence it is, of course, that the earth obeys 
the supremely important attraction of the sun, and pursues 
an elliptic path around the sun, bearing the moon as an 
appendage. 

Hut when we (jonie to that particular effect of attraction 
which is comjietent to produ(*-c precession, we ffiid that the 
law by whicih the cfficieiKjy of the attracting body is computed 
assumes a different form. The meiisure of efficiency is, in this 
case, to bo Ibund by taking the mass of the body and dividing 
it by the cuha of the distance. The complete demonstration 
of this statement must be sought in the formukn of mathe- 
matics, and (*amiot be introduced into these ])ages ; we may, 
however, adduce <.)ne consideration which will enable the reader 
in some degree to understand the principle, though without 
pretending to be a demonstration of its accuracy. It will be 
obvious that the nearer the disturbing body approaches to the 
earth the greater is the Uvenuji’ (if Ave may use the expression) 
which is afforded by the protuberance at the etpiator. Tlie 
efficiency of a givaai for(*e will, therefore, on this account alone, 
increase in the inverse proportion of the distance. The actual 
intensity ol’ the forijc itself augments in the inverse square 
of the distance, and hence the cajiacity of the attracting body 
for {iroducing precession Avill, for a double reason, increase 
when the distance decreases. Su])pose, for example, that the 
disturbing body is brought to half its original distance from 
the disturbed I'ody, the leverage is by this means doubled, 
Avhile the actual intensity of the force is at the same time 
quadrupled according to the law of gravitation. It Avill follow 
that the effect produced in the latter case must be eight times 
as great as in the former case. And this is- merely equivalent 
to the statement that the precession-producing capacity of a 
body varies inversely as the cube of the distance. ^ 

It is this consideration which gives to the moon an 
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importance as a preccssion-prodiiciiiii;' agent to which its mero 
attrae-tivc capacity would not have entitled it. Kven though 
the mass of the sun be 2(>,()00,000 times as great as the mass 
of the moon, yet when this immher is divided l)y the cube 
of the relative value of the distances of the bodies it 

is seen that the ellkaency of the moon is more than twic(i as 
great as that of the sun. In otlier words, we may say that one- 
third of tlie movement of precession is due to the sun, and 
two-thirds to the moon. 

For idle study of the joint processional etfect due to tlie 
sun and the moon acting simultaneously, it will be advantageous 
to consider the elfect produced l)y the two bodies separately; 
and as the case of the sun is the sim])lcr of the two, we shall 
take it iirst. As the earth travels in its annual [)ath around 
the sun, the axis of the earth is diri'cted to a point in the 
heavens wliich is from th(‘ pole of the ecliptic. The ))re- 
cessional effecit of the sun is to cause this ])oint — the 
pole of th(^ earth — to revolve, always preserving the same 
angular distance from the ])ole of the ecliptic ; and 
tlius we have a motion of the type r('])resented in the 
diagram. As the ecliptic occupies a position which for our 
])rcsent purpose we may regard as fixed in s[)ace, it follows 
that the pole of the ecliptic is a fixed ])oint on the surfaiMj 
of the heavens; so that the path of the pole of the eai*tli 
must be a small circle in the heavens, fixed in its jiosition 
relatively to the surrounding stars. In this we find a motion 
strictly analogous to that of the peg-top. It is the gravitation 
of the earth acting upon the peg-top which forc(>s it into the 
conical motion. The immediate effect of the gravitation is so 
modified by the, rapid rotation of the top, that, in obedience 
to a profound dynamical principle, the axis of the to]) revolves 
in a cone rather than fall down, as it would do were the top 
not spinning. In a similar manner the immediate effect of 
the sun’s attraction on the protuberance at the ecpiator would 
be to bring the )iolc of the earth’s axis towards the ])ole of 
the ecliptic, but the rapid rotation of the earth modifies this 
into the conical movement of precession. 

The circumstances with regard to the moon are much more 
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complicated. The moon describes a certain orbit around the 
earth ; that orbit lies in a certain plane, and that plane has, 
of course, a certain pole on the celestial sphere. The pro- 
cessional effect ( the moon would accordingly tend to make 
the polo of the earth’s axis descrii )0 a circle around that 
point in the lieavens which is the pole of the moon’s orbit. 
This point is about 5’^' from the pole of the ecliptic. The 
pole of the eai’th is therefore solicited ]>y two different move- 
ments — one a rcjvolution around the pole of the ecliptic, the 
other a revolution about another point 5*^ distant, whicdi is 
the pole of t.h(‘ moon’s orbit. It would thus seem that the 
earth’s pole should make a certain composite movement due 
to the two sc'parate movements. This is I'cally the case, but 
there is a point to be very (iarcfully attended to, which at first 
seems almost paradoxical. We hav'c shown how the potency 
of the moon as a ])rccessional agent exceeds that of the sun, 
and therefore it might be thought that the composite movement 
of the earths ])olo would conforni more ncai’ly to a rotation 
around the ])ole of the plane of the moon’s orbit than to a 
rotation around the pole of the ec'liplii^; but this is not the 
case. The precessional movement is repres(‘uted by a revolu- 
tion around the ])ole of the ecliptic, as is shown in the ligure. 
Here lies the germ of one of those ex(]uisito astronombail 
dis(‘overies which delight us by illustrating some of the most 
subtle ])henom(Mia. of nature. 

The ])lam‘ in whicli the moon revolv(\s does not occupy a 
constant jiosition. We arc not here specially e.oiicernefl with the 
causes of this change in the plane of the moon’s orbit, but the 
chara(*.tcr of the ir.ovcmcnt must be ('iiimciated. The inclination 
of this plane to the ecliptic is about 5 and this inclination 
does not vary (except within very narrow limits) ; but the 
lino of intersection of tlie two jilanes does vary, and, in fact, 
varies so (juickly that it completes a revolution in about bS^ 
years. This movement of the plane of the moon’s orbit 
necessitatc's a corresponding change in the ])csition of its pole. 
We thus see that tbe ])olc of the moon’s orldt must be actually 
revolving around the pole of the ecliptic, always remaifiing at 
the same distaiice of 5"", and completing its revolution in I8g 
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years. It will, therefore, be obvious that there is a profonud 
(lilVorcnce between the ])rceessioiial etfcct of tlie sun and of 
the moon in their action on the earth. The sun invites the 
earth’s pole to describe a circle around a ti.\('d eentre; the 
moon invites the earth’s pole to describe a circle around a centre 
whicJi is itself in (.‘onstant motion. It fortunal('ly happens that 
the circumstances of the case are such as to rediK-o considerably 
the complexity of the problem. The movement of the moon’s 
plane, only occnpyiiii^ about IS'i years, is a verv rapid motion 
compared with the whole processional movement., which 
occupies about 20,000 years. It follows that by the time the 
earth’s axis has c.ompleted one cinaiit of its majestic cone, the 
pole of the moon’s plane will have ^^’ono round about. 1.400 times. 
Now, as this pole really only describes a com])ai‘atively small 
cone of o'"’ in radius, we may for a first approximation taki^ the 
averaiL^’e position which it <Ha-u[)ies ; but this avera^i^o ])osition 
is, of cours(5, the centre of the circle which it describes — that 
is, the [)ole of the ecliptic. 

We thus see that tlie average precicssional effect of the moon 
simply conspires with tliat of the sun to produc.i* a revolution 
around the pole of the ecliptic. The grosser ph<‘Uom(‘na of the 
movements of the earth’s axis are to be cxplain(‘d by the 
uniform revolution ol* the pole in a circular path ; but if we 
make a minute I'xamination of the track of tljc earth’s axis, 
we shall find tliat thougli it, on the whole, (‘onibnus with the 
circle, yet that it really traces out a sinuous line, sometimes on 
the inside and sometimes on the outside of llie circle. Tliis 
delicate movenuait arises from (he continuous change in the 
place of the pole of the moon’s orbit. The ])( 3 riod of tliese 
undulations is years, agreeing exactly witli the ])cri()d of tlu^ 
revolution of the moon’s nodes. Tlie amount by whicli the 
pole de[)arts from the circle on cither side is only about 
9’2 seconds — a cpiantity rather less tlian tIic twenty-tliousaiidth 
part of the radius of the s])herc. This jihenomcnon, known as 
“nutafion,” Avas dlscovcnMl by the beautiful telescopic researches 
of Bradley, in 1747. Whether we look at the theoretit'al interest 
of the subject or at the retlnement of the observations invohaal, 
this achievement of the “ Vir incomparabilis,” as Bradley lias 
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been called hy Bessel, is one of the masterpieces of astronomical 
genius. 

The phenomena of precession and nutation depend on 
movements of the e.'irth itself, and not on movements of tlie 
axis of rottition within the earth. Therefore the distancio of 
any particular spot on the earth from the north or south 
pole is not. disturbed by either of these jdienomena. The 
latitude ol' a place is the distance of the pbice from the 
earth’s equator, and this quantity remains unaltered in tlio 
course of the long precession cycle of 20,000 years. But it 
has been dis('ovcred within the last few years that latitudes are 
subjc(jt to a small periodic change of a few tenths of a seciond 
of arc. This was first pointed out about 1880 by Dr. Ktistner, 
of Berlin, and by a masterly analysis of all available observa- 
tions, inad(! ill the course of many years past at various 
observatories, Dr. Chandler, of lloslon, has shown that the 
latitude of eviay point on the earth is subjei^t to a double 
oscillation, the period ol‘ one being 427 days and the other 
about a year, the mean amplitude of each being 0"’14. In 
other words, th(‘ s])ot in the arctic regions, dircclly in the 
prolongation of the earth’s axis of rotation, is not absolutely 
fixed; the end of the imaginary axis moves about in a com- 
[)licat('d manner, but always keejung Avithin a. few yards of 
its average jiosition. This remarkable discovery is not only 
of value as introducing a ncAV rclinemiait in many astronomical 
researches depending on an accurate knowledge of the latitude, 
but' theoretical investigations show that the periods of this 
variation are incompatible with the assumption that the earth 
is an alisolutelv rigid body. Though this assumption has in 
other Avays heen found to be untenable, the contirmation of 
this view by tlie discovery of Dr. Chandler is of great 
importance. 
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THE AHERU.VriOX OF I.IOIIT. 

The KphI and Apparent Movoments of tho Stars — How they can ho Discriininatod 
— Aberration ])n)duccs Elfocts dependent on the rositiou of tlic Stars- ’-'I’lio 
I’ole of tlio Ecliptic — Aberration makes Stars seem to Move in a Circb*, an 
Ellipse, or a Straight Eiiu' according to IVsition — All the Ellipses have E<pial 
Major Axes — How is this Movement to bo Explained h — How to be Dis- 
tinguished from Anniinl Parallax The Apex of the Earth’s Way--How 
this is to be Explained by the Velocity of Ijight — How the Scale of the Solar 
System can be ]\Ieasiired by th(3 Aberration of Light. 


We Il.Tvo in this cluiplcr to luirrate a discovTiy of a, rccondito 
character, wliitih illiistnitcs in a forcible iiianucr soiiu* of iho 
fuiidainontal tnitlis of Astronomy. Our discaission of it will 
naturally Ikj divi^led into two parts. In tlu^ first jiart we 
must d(‘S(iril)G thc! nature of the ])h(Hiomcn()n, and then wc 
must ^ivo tlie (‘Xtrcnicly cl(‘<.(ant (‘xplanation afforded hy t,hc 
pro])crtic‘s of lio-ht. 'Vho te](\s(*opi(i dis(*overy of alx'rral.ion, 
as well as its explanation, are both due to the ilhislricjus 
Brae Iley. 

Tho expression fired star, so often used in astronomy, is to 
ho received in a. Ycvy qualilied sens(‘. The stars are, no doubt, 
well fixed in their ])la(*es, so far as eoarse observation is ('on- 
eernod. Tlie lineaments of the (u)jisteliations remain umdiani^iKl 
for centuries, and, in contrast with th(i ceaseless movements of 
the planets, the stars are not ina])propriatcly called fixed. A\'"e 
have, however, had more than one occasion to show throuL(liout 
the course of tliis Avork that thc exprcission “fixed star” is not 
an ac'(airate one -Avlien minute qiumtities are held in estimation. 
With the exact measures of modern instruments, many of these 
qnanfitics are so pert'cptihle that they liave to ho always 
reckoned with in astronomical enquiry. We can divide the 
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movements of tlie stars into two »Toat classes : tlio real 
riKjvemeiits and the apparent movements. The proper motion 
ol th(‘. stars and the movements of revolution of the binary 
stars constitute the real movoimaits of these bodies. These 
movements arc s[)ecial to (‘adi star, so that two stars, althon^^k 
clos() together in the heavens, may differ in the widest degree as 
to tlie real movements which they possess. It may, indeed, 
sometimes ha])pen that stars in a certain region are animated 
with a (‘/onnnon movenuait. In this pln^nomenon we have 
traces of a real movcnu'nt shared by a nnmlxn’ of stars in 
a cc'rtain group. Witli this (‘.\(a‘p(ion, however, the real 
movements of the stars seem to govi'rned by no systematic 
law, and the rapidly moving stars are scattered here and 
there indiscriminately over the h(‘av(‘ns. 

The apparent movements of the stars have a different 
character, inasmuch as we find the inovi'inent of each star 
determined by the place whi('.h it occaipies in tlie heavens. 
It is by this means that we discriminate the real movements 
of the star from its apparent movements, and examine the 
character of both. 

In the presi'iit chapter we an? ('oiu'cnn'd with the apparent 
movements only, and of these there are three, due respec- 
tively to precession, to nutation, and to ah('rration. Kach of 
tlu'se apparent movements obeys laws peculiar to itself, and 
thus it becomes possible to analyse the total apparent motion, 
and to discriminate the ])roportions in which the precession, 
the nutation, and the alierration have sc?verally contributed 
\Vt' are thus enabliMl to isolate the effect of aberration as com- 
pletely as if it were the sole agiait of apparent displacxanent, 
St) that, by an alliance between mathematical calculation and 
astronomical observation, we can study the effects of aber- 
ration as (jlearly as if the stars were aflected by no other 
iiu)tions. 

Concentrating our attention solely on the phenomena of 
aberration we shall, describe its particular effect upon stars in 
different regions of the sky, and thus ascertain the laws 
according to which the effects of alicrration are exhibited. 
\Vh(?n this step has been taken, we shall be in a position to 
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give the bc.intiFul ex])]anation of lliose laws (li'peiidont upon 
the velocity of light. 

At one purticiilar region of the heavens the etlect of 
aberration h;is a degree of sini])licity which is ikH- manifested 
anywhere else. This region lies in the constellation Draco, 
at the ])ole of tlie Cidiptic. At this pole, or in its imnuMliatc; 
neiglibourh(^od, each star, in virtue of aborrati»)n, dt'se-ribos a 
circle in the heavens. This circle is veay minute ; it would 
take soniething like 2,000 of these circles togethm- to form 
an area equal to the area of the moon. Ex[)ressGd in the 
usual astronomical language, wo should say that the diameter 
of this small circle is about 40‘!) seconds of arc. This 
is a quantity which, though small to the unaided eye, is 
really of great relative magnitude in the pnesent state of 
telescopi(5 roscar(!h. Tt is not only large enough to be per- 
ceived, but it can be measured, Avith an accuracy Avhi(h 
actually do(‘s not admit of a doubt, to the hundredth ])art 
of the Avhole. Tt is also observed that each star des(;ribes 
its little circle in ])rc(asely the same period of time ; and 
that p({riod is one year, or, in other words, the time of the 
revolution of the earth around the sun. It is found that 
for all stars in this region, bo they large stars or small, singl(j 
or double, white or (a)loured, the ciredes appro|)riate t(j eacdi 
have all the same size, and are all described in the same 
time. Even from tliis alone it would be manifest that the 
cause of the phenomenon cannot lie in the star itself. This 
unanimity in stars of every magnitude and distance requires 
some simpler explanation. 

Further examination of stars in difierent regions sh(*ds 
new light on the subject. As we pro(‘eod from tko pole of 
the ecliptic, Ave still find that each star exhibits an annual 
movement of the same character as tla^ stars just considered. 
In one respect, lioweA^er, tliere is a ditferraice. The apparent 
path of the star is no longer a circle ; it lias b(‘comc an 
ellipse.* It is, ho\Vever, soon perceived that the shapes and the 
position of this ellipse are governed by the simple law that 
the further the star is from the pole of the ladiptic; the greater 
is the eccentricity of the ellijisc. The apparent j)ath of the stars 
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at the same distance from the pole have equal eccentricity, and 
of the axes of the ellipse the shorter is always directed to 
the pole, the Ioniser being, of course, perpendicular to it. It 
is, howevei’, found that no matter how great the eccentricity 
may become, the major axis always retains its original length. 
It is always equal lo about 40*9 seconds — that is, to the 
diameter of the eiride of a])erration at the pole itself. As we 
proceed further and further from the pole of the ecliptic, we 
find that each star d(\scribes a path more and more eccentric, 
until at length, when we examine a star on the ecli])tic, the 
ellipse has be(*ome so attenuated that it has flattened into 
a line. Each star which happens to lie on the ecliptic 
oscillates to and fro along the ecliptic through an amplitude 
of 40*9 seconds. Half a year accomplishes the journey one 
way, and the other half of the year restores the star to its 
original position. W’hen wo pass to stars on the southern side 
of the ecliptic, we s(^e the same series of changes proceed in 
an inverse order. The ellipse, from being actually linear, 
gradually grows in width, though still preserving the same 
length of major axis, until at length the stars near the 
southern pole of the ecliptic are each found to describe a 
circle equal to the paths pursued by the Stars at the north 
pole of the ecliptic. 

The circumstance' that the major axes of all these ellipses 
are of equal length suggests a still further simplitication. 
Let us suppose that every star, either at the ])ole of the 
ecliptic or elsewhere, pursues an absolutely circular [)ath, 
and that all these circles agree not only in magnitude, but 
also in being all parallel to the plane of the ecliptic : it is 
easy to see that this simple supposition will account for 
the observed fa(4s. The stars at the pole of the ecliptic 
will, of course, show their circles turned firirly towards us, 
and we shall see that they pursue circular paths. The 
cirendar paths of the stars remote from the pole of the 
ecliptic will, howc^«r, be only seen somewlmt edgewise, and 
thus the a})parent ])aths will be elliptical, as we actually find 
them. We can even calculate the degree of ellipticity* which 
this surmise would reejuire, and wc find that it coincides Avith 
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the observed ellipticity. Finally, when wo observe stars 
actually moving in the ecliptic, the circles tlniy follow would 
be seen edgeAvise, and thus the stars Avould have merely the 
linear movement which they are seen to possess. All the 
observed phenomena arc thus found to be completely con- 
sistent Avith the supposition that e\Try star of all the millions 
in the heavens describes once each year a circular path : and 
that, Avhether the star be far or near, this circle has always 
the same apparent diameter, and lies in a plane always parallel 
to the plane ol‘ the ecliptic. 

We have noAv wrought the lacts of observation into a form 
Avhich enables us to examine into the cause of a movement so 
systematic. Why is it that each star should seem to desca-ibe 
a small circular path ^ Why should that path be parallel to the 
ecliptic:' ^Vliy should it be •completed exactly in a twelve- 
month ? We arc at once referred to tla^ motion of the earth 
around the sun. That moA'cment takes place in the ecli[)lie. It 
is com))lcted in a year. The coincidences are so obvious that Ave 
feel almost necessarily compelled to connect in some Avay this 
apparent movoiiKait of the stars with the annual movement, of 
the earth around the sun. If there Avere no such connect, ion, it 
would be in the higln^st degree improbable that the )_)lanes of 
the circiles should be all paralhil to the ecliptic, or that the lime 
of revolution of each star in its circle should e([ual that, of the 
re\a)lution of the earth around the sun. As both these con- 
ditions arc fulfilled, the [aobability of the connec'tion rises to 
a value almost infinite. 

The important (juestion has then arisen as to Avhy the move- 
ment of the earth around the sun should be associated in so 
remarkable ii manner with this imiver.sal star movement. Tlaa’c 
is h(n'e one obvious point to be noticed and to be dismissed. We 
have in a previous cha])ter discussed the important (juestion of 
the annual parallax of .stars, and aat; luiA^e shown hoAv, in virtue 
of annual parallax, each star describes an ellipse. It can further 
be dei^ionstrated 'that these ellipses are really circles parallel to 
the ecliptic; so that avx' might hastily assume that annual 
parallax Avas the cause of the plKaiomenon discovered by 
Bradley A single circumstance Avill, hoAvever, dispose of this 
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sui^»‘<(cshion. Tlio circle described by a star in virtue oF annual 
paralfax has a inai^nutude dependent on the distance of the star, 
so that the circles described by various stars are of various 
dimensions, corresponding to the varied distances of different 
stars. The ])h(aio]n(‘na of aberration, however, distinctly assert 
that the circular path of each star is of the same size, quite 
independently of what its distance may be, and hence amiuai 
paralla-x will not alford an adetpiate explanation. It should 
also be notiecd that tlie movements of a star prodiua'd by 
annujil ])arallax are mucli smaller than those to aberration. 
There) is not any known star whose circular ])ath doe to annual 
parallax has a diameter one-twentieth part of that of the circle 
due to aberration: indeed, in the great majority of cases the 
parallax of the star is an absolutely insensible quantity. 

There is, however, a still graver and quite insuperable dis- 
tinction l)etwcen the parallactic path and the aberrational ])ath. 
[jCt us, for sinqdicity, think of a star situated near the pole of 
the ecliptic, and thus apj)earing to revolve annually in a circle, 
whether we regard either the phenomenon of parallax or of 
aberration. As the earth revolves, so does the star ap])oa,r to 
revolve; and thus to each place of the earth in its orbit corre- • 
sponds a, (*ertain place of the star in its circle. If the move- 
ment arise from annual parallax, it is easy to see where the 
place of the star will be for any position of the earth. It 
is, however, found that in the movement discovered by Bradley 
the star never has the position which parallax assigns to it, 
but is, in fact, a quarter of the circumference of its little 
circle distant therefrom. 

A simple rule will find the position of the star due to 
aberration. Draw Ifom the centre of the ellipse a radius parallel 
to the direction in which the earth is moving at the moment 
in question, then the extremity of this radius gives the point 
on its ellipse where the star is to bo found. Tested at all 
seasons, and Avith all stars, this law is found to be always 
verilied, and by its means Ave are conducted to the true 
explanation of the phenomenon. 

We can enunciate the effects of aberration in a someAvhat 
ditfenait manner, Avhich Avill shoAV even more forcibly Iioav the 
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phenomenon is connected with the motion of the ojirtli in its 
orbit. As tlie earth jmrsnes its annual (;ourse iiroimd tlic sun, 
its movement at any moment may be regarded as directed 
towards a certain point of the eelif>tic. From day to day, and 
even from hour to hour, the point gradually moves along the 
ecliptic, so as to complete tlie circuit in a year. At each moment, 
however, there is always a certain point in the heavens towards 
wliicdi the earth’s motion is dirc(;ted. It is, in fact, the point on 
the celestial sphere towards whi(*h the earth would travel con- 
tinuously if, at the moment, the attraction of the sun could be 
annihilated. It is found tliat tliis point is intimately connected 
Avith tlie phenomenon of aberration. In iact, the aberration is 
really ecpiivalent to drawing each star from its uK'an ])laco 
towards the Apex of the Earth’s Way, as tl\e ])oint is sometimes 
termed. It can also be shown by observation that the amount 
of aberration depends upon tlie distance from (he apex. A 
star which happened to lie on the ecliptic will not be at all 
deranged by aberration from its mcai\ pla<te when it liappens 
that the a])ex coincides with the star. All the stars 10 from 
the apex will be displaced each by tlu^ same amount, and all 
directly in towards the ape.x. A star 20 IVom the ap(‘x will 
undergo a larger degree of displacement, though still in the 
sanKj direction, (wactly towards the aj)ex ; and all stars at tho 
same distance will be displaced by the same amount. Pro- 
ceeding thus from the a])ex, we (u>me to stai’s at a distanco 
of 00' therefrom. Hero the amount of displacement will bo 
a maximum. Each one will be about tw(aity se(.‘onds from 
its average place ; but in cviJiy (aiscj tlie im|)erative law Avill 
be obeyed, that the displacement, of tho stai' from its mean 
place lies towards the ap(‘x ol‘ the earths way. We hav() thus 
given two distinct descriptions of the phenomenon of alxTration. 
In the lirst we find it convenient to speak of a star as describing 
a minute cinadar path ; in tlie other Ave have regarded aberra- 
tion as merely amounting to a derangement of the star from 
its niC’‘an place i.»i accordaiK'.c Avith spccitied hiAvs. Fhe.se de- 
scriptions are not inconsistent: they are, m fact. geometi‘ically 
equivalent: but the ]att('r is rather the more perfect, inasmuch 
as it assigns completely the direction and extent of tho 



610 


THE STORY OF THE HEAVENS. 


derangement caused by aberration in any particular star at 
any particular moment. 

The question lias now been narrowed to a very detinitc 
form. Wliat is it which makes each star seem to close in 
towards the point towards Avhich the earth is travelling ? The 
answer will be Ibnnd when we make a minute enquiry into the 
circumstances in which we view a star in the telescope. 

The beam of rays from a star falls on the object-glass of 
a telescope : those rays are parallel, and after they pass through 
the object-glass they converge to a focus near the eye end of 
the instrument. Let us first suppose that the telescope is at 
rest ; then if the telescope be pointed directly towards the 
star, the rays will converge to a point at the centre of the 
field of view where a j^air of cross wires are placed, whose 
intersection defines the axis of the telescope. The case will, 
however, be altered if the telescope bo moved after the light 
has passed through the objective; the rays of light in the 
interior of the tube will pursue a direct path, as before, and 
will pro(jccd to a focus at the same precise point as before. 
As, however, the telescope has moved, it will, of (tourse, have 
carried with it the pair of cross wires; they will no longer be 
at the same point, as at first, and consequently the image of 
the star will not now coincide with their intersection. 

The movement of the telescope arises from its connection 
with the earth : for as the earth hurries along at a speed of 
eighteen miles a second, the telescope is necessarily displaced 
with this velo(‘ity. ft might at first be thought, that in the 
incredibly small fraction of time necessary for light to pass 
from the object-glass to the eye-piece, the change in the position 
of the telescope must be too minute to be appreciable. Let 
us suppose, for instance, that the star is situated near the 
pole of the ecli])ti(*, then the telescope will be (jonveyed by the 
earth’s motion in a direction ])erpendicular to its length. If 
the tube of the instrument be about twenty feet long, it can 
be readily d('monsU’ated that during the time the light travels 
down the tube the movement of the earth will convey the 
telescope through a distance of about one-fortieth of arf inch.* 

* As tlio earth carries on the telescope at the rate of 18 miles a second, and as 
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This IS a quantity very distinctly meiisurn])le with tlie inagiiily- 
irig power of the eye-piece, and hence this d(Tangciiient of 
the star's place is very appreciable. It tlierefore follows that 
if we wish the star to he shown at the centre of the iustrunient, 
the telescope is not to be jjointed directly at the star, as it 
would have to be were the earth at rest, but the t(‘lescopo 
must be pointed a little in advance of the star's true position; 
and as we determine the apparent pla(*c of the star by the 
direction in which the telescope is pointed, it follows that 
the apparent place of the star is altered by the motion of 
the earth. 

Every circumstance of the change in the star’s place admits 
of complete explanation in this manne]*. Take, for instance, 
the small ciniular path which ca(!h star appears to des('rihe. 
We shall, for simplicity, refer only to a star at the pole of 
the ecliptic. Suppose that the telescope is pointed truly to 
the place of the star, then, as wo have shown, the image oi 
the star will bo at a distance of one-fortieth of an iiK*li Irom 
the cross wires. This distance will remain constaiit., but eacjh 
night the direction of the star from the (toss wires will cliange, 
so that in the course of the year it complet('s a circle, and 
returns to its original position. We shall not ])ursu(^ the cal- 
culations relative to other stars ; siitHce it here to say that 
the movement of the earth has been found adecpiate to acc-ount 
for the phenomena, and thus the doctrine of the abiirratioii 
of light is demonstrated. 

It remains to allude to one point of the utmost interest 
and importance. We have seen that the magnitude of the 
aberration can be mca.sured by astronomical observation. 'Fhe 
amount of this aberration depends upon the velocity of light, 
and on the velocity with which the earth s motion is performed. 
We can measure the velocity of light by independent m(\‘isuro- 
ments, in the manner already ex])lained in (Jhapt(jr Xll. We 
are thus enabled to calculate what the velocity ol the earth 

light moves with the velocity of 180,000 miles a second very nearly, it follown 
that the velocity of the telesco ])0 is about one ten-thousaiidtli p;irt of that of 
light. »While the light moves down the lube 20 feet long, the tijlescope will 
therefore have moved the ten-thousandth part of 20 feet — ee., the fortieth of 
an inch. 
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must bo, for tlioro is only one particular velocity for the 
earth wliic.b, wlion (tonibined with the ineasiircd velocity of 
light, will give the measured value of aberration. The velocity 
of the earth being thus ascertained, and the length of the year 
being known, it is (^asy to find the circumference of the earth’s 
path, and therefore its radius ; that is, the distance from the 
earth to the sun. 

Here is indu'd a singular result, aiul one Avhich sliows 
lu)W profoTindly the various phenomena of sideiK-e an* inter- 
woven. We make (c\])eriments in our laboratory, and find the 
velocity of light. We observe the lix('.d stars, and measure 
tlie aberration. (.tond)ine these results, and deduce tliere- 

froni tlu^ distance from the eartli to the sun ! Although this 
meth(.)d of linding the sun’s distance is one of very great 
elegance, and admits of a certain amount of precision, yet it 
cannot be relied up(m as a perfectly unimpeaoliable method 
of deducing the great constant. A ])erfect method must be 
based on the operations of mere surve^ying, and ought not to 
involve rex'ondite physical considerations. We cannot, how- 
ever, fail to regard the discovery of abeiTation by llradley as 
a most ])l(‘asing and beautiful achievement, for it not only 
greatly imjn’oves the calculations of practical astronoiiiy, but 
links together sc vend ]>hysical phenomena of the greatest 
interest. 
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and Astronomy — Distribution of Heat — The rrosciioi' of Heat in tlui Earth 
— lloat in otlim- CVb'stial Kudic.s — Variotios of Temperature — '^Khe Law of 
(’ooling — The lloat of the Sun — Can its Temperature be iSleasurtHl h — Ivadialioii 
conneeted with tiie Sun’s Bulk — Can the Sun be Exhausting his Kosourees : -- 
No marked Change has oecurred — Ceological Evidence as to the Changes of 
the Sun’s Heat Doubtful — The Cooling of theNun — Tlu* Sun cannot be inei’ely 
an Incandescent Solid Cooling — Combustion will not Explain tin* .Matter — 
Some Heat is obtained from Meteoric iMatter, but this is not A<le(juat«* to the 
Maintenance of the Sun’s Heat — The Contraction of a Heated (ilobe of Gas — 
An Apparent ]'’aradox — The Doctrine of J'mergy — The Nebular Theory — 
Evidence in Support of this Theory — Sidereal Evidene** of the N(‘bular 'riieory 
— Htirschel’s View of Sidereal Aggregation — The Nebiibe do not Exhibit 
Clianges within tin* Limits of uur Observation. 

That a ])ortion of a Avork on astronomy sliould bear the title 
placed tit the head of this C'hapter will perhaps strike some of 
oiir readers as unusual, if net actutdly inappropriate. Is not 
heat, it may he said, a question merely of experimenttd physics ? 
and how can it be legitimately introduced into ti tretitise u})on 
the heavenly bodies and their movements i Whatever weight 
such objections might have once had need not now l)e con- 
sidered. The recent researches on heat have shown not only 
thiit heat has important hearings on astronomy, hut that it 
has really been one of tlic chief agents by which the mdversc 
has been moulded into its actual form. At the present time 
no work on astronomy could he complete Avithout some account 
of the remarkable connection bidAveen the laws of heat and 
the astronomicaVoonscipiences which follow from those laAvs. 

In discussing the planetary motions and the laws of Kepler, 
or in discussing the movements of the moon, the ])r()per motions 
of the stars, or the revolutions of the binary stars, we proceed 
H 11 
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on the supposition that the bodies avc are dealing with are 
rigid particles, and the question as to whether these particles 
arc hot or cold does not seem to have any especial bearing. 
No doubt the ordinary periodic phenoniena of our system, 
such as the revolution of the planets in conformity with 
Ke|)ler s laws, will be observed for countless riges, whether the 
planets be hot or cold, or whatever may be the heat of the 
sun. It must, however, be adjiiitlcd that the laws of lieat 
introduce certain moditi(*ations into the statement of these 
laws. The effects of heat may not be immediately perceptible, 
but they exist — they arc ('onstantly acting: and in the pro- 
gress of time they arc adequate to elfecting the mightiest 
(dianges throughout the universe. 

Let us briefly recapitulate the circumstances of our system 
which give to heat its potency. Look first at our earth, whicli 
at present seems — on its surface, at all events — to be a body 
devoid of internal heat ; a closer examination will dispel this 
idea. Have we not the phenomena of vohianocs, of geysers, 
and of hot springs, which show that in the interior of the 
earth heat must exist in lar gr(‘ater intensity than we find 
on the surface / These phenomena arc found in widely 
different regions of the earth. Their origin is, no doubt, in- 
volved in a good deal of obscurity, but yet no one can deny 
that they indicate vast reservoirs of heat. It would indeed 
seem that heat is to be found everywhere in the deep inner 
regions of the earth. If we take a thermometer down a deep 
mine, v/e find it records a temperature higher than at the 
surface. The deeper wc descend the higher is the tempera- 
ture ; and if the same rate of progress should be maintained 
through those depths of the earth which Ave are not able to 
penetrate, it can be demonstrated that at tAventy or thirty 
miles below the surface the temperature must be as great as 
that of red-hot iron. 

W’e find in the other celestial bodies abundant evidence of 
the ])resent or tlie past existence of heat. *Our moon,' as Ave 
have already mentioned, affords a very striking instance of a 
body Avhich must once haA^e been very highly heated. The 
extraordinar}' volcanoes on its surface place this beyond any 
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doubt. It is equally true that those vohuuioes have l)een 
silent for ages, so that, whatever may be tlie interior condition 
of the moon, the surface has now cooled down. Extending 
our view further, we see in the gi*cat ]>lanets Jupiter and Saturn 
evidence that they are still endowed with a temperature tar 
in excess of that which the earth has i*etained ; while, when 
Ave look at our sun, Ave see a body in a state of brilliant in- 
candescence, and gloAving Avith a feiwour to which Ave (*annot 
approximate in our mightiest furnaces. The various fixed 
stars arc bodies Avhich glow Avith heat, like our sun ; Avhilc Ave 
have in the nebuke objects the existence of Avhich is hardly 
intelligible to us, unless avc admit that- they are possessed 
of heat. 

From this rapid survey of the ditVereiit bodies in our uni* 
verse one conclusion is olndous. We may liave great doubts 
as to the actual temperature of any individual body of the 
system ; but it cannof be doubted lliat there is a Avide range 
of temperature among the diiferent, bodit's. Some are hotter 
than others. The stars and suns are perlaqis the hottest of 
all; but it is not improbable that they may be immeasurably 
outnumbered by the cold and dark bodies ot the universe, 
Avhich are to us invisible, and only manifest their ('xistence in 
an indirect and casual manner. 

The laAv of cooling tells us that eA^ery body radiates heat, 
and that the quantity of heat Avhich it radiates increases when 
the tem])craturc of the body increases relatively to th(.‘ sui*- 
rounding medium. This laAV appears to universal. It is 
obeyed on the earth, and it Avould seem that it must be equally 
obeyed by every other body in space. Wo thus see that each 
of the planets and each of the stars is continuously pouring 
forth in all directions a never-ceasing stream of heat. This 
radiation of heat is productive of very momentous consequences. 
Let us study them, for instfince, in the case of the sun. 

Our great luminary emits an incessant flood of radiant 
heat in all directions. A minute fraction of that heat is inter- 
cepted by our earth, and is, directly or indirectly, the source 
of all life, and of nearly all movement, on our cartli. To pour 
forth heat as the sun docs, it is necessary that his tempera- 
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ture bo enormously high. And there are some facts which 
permit us to form an estimate of what that temperature must 
actually be. 

It is difficult to form any numerical statement of the a(Jtual 
temperature of the sun. The intensity of that temperature 
Viistly transcends tlie greatest artificial heat, and any attempt 
to clothe such estimates in figures is necessarily very pre- 
carious, P)ut assuming the greatest artificial tem])erature to 
be about 4,000 Fahr., we shall probably be well within the 
truth if we state the (dfective temperature of the sun to be 
a]K)Ut 14,000 Fahr. This is the result of a recent investiga- 
tieu by Messrs. Wilson and Gray, which seems to be entitled 
to considerable weight. 

The copious outHow of heat from the sun corresponds 
with its enormous temp(‘rature. We can express the amount 
of heat in various ways, but it must be remembered that con- 
siderable uncertainty still attaches to such measurements. The 
old method of iiK'asuring heat by the quantity of ice melted 
may be used as an illustration. It is computed that a shell 
of i(.'e 4:f fe(‘t thi(‘.k surrounding the whole sun would in one 
minute be melted by the sun’s heat underneath. A some- 
what more elegant illustration was also given by Sir John 
TIersi'hel, who showed that if a cylindrical glacier 45 miles 
in diameter were to he eontinually flowing into the sun 
with the velocity of light, the end of that glacier woidd be 
melted as quickly as it advanced. From each square foot 
in the surface of the sun emerges a quantity of heat as great 
as ('ould be produced by the daily combustion of sixteen tons 
of coal. This is, indeed, an amount of heat which, properly 
transformed into work, would keep an engine of many hundreds 
of horse-[)ower running from one year’s end to the other. The 
heat radiated from a few acres on the sun would be adequate 
to drive all the steam engines in the world. When we reflect 
on the vast intensity of the radiation from each square foot 
of the sun’s surface, and when wo combine with this the 
stiq)endous dimensions of the sun, imagination fails to^ realise 
how vast must be 'the actual expenditure of heat. 

In presence of the prodigal expenditure of the sun’s heat, 
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we arc tempted to ask a question whieli has the most vital 
interest tor the earth and its inljabitants. Wo live tV(^m hour 
to hour by tlie sun’s splendid generosity; and, therefore, it 
is important for us to know Avhat security we possess for tlic 
continuance of his favours. AVlien ^vo witness tlie terri fu' 
disbursement of the suns heat eacli liour, we are com])elled 
to ask whether our great luminaiy may not be exliaustiug 
its resources; and if so, what are the prospects of the future s' 
This question we can partly answer. Tlie whole subje(?t is 
indeed- of surpassing interest, and redolent with the s[)irit of 
modern scientitic thought. 

Our first attempt to e.xamine this (piestion must lie in an 
a])peal to the facts whieli are attainable. We want to know 
whether the sun is showing any symptoms of docaiy. Are 
the days as warm and as bright now as tliey were last year, 
ten years ago, one hundred years ago We can find no 
evidence of any change since the I.K'girming of autlientici 
rcc«.)rds. If the sun’s h(‘at had perceptibly (jhang(‘d within 
the last two thousand years, we should oxjiecjt lo find 
corresponding changes in the distrilaition of plants and of 
animals; but no such changes have been deU'Ctcd. There i-s 
no reason to think that the climate of ancient (rreecc or of 
ancient Rome was appreciably difi'erent from the elimates of 
the Grce('-e and the Rome that we know at this da}^ The 
vine and the olive grow now Avhei’c they grew two tlujusand 
years ago. 

We must not, however, lay too much stress on this 
argument ; for the effects of slight changes in tln.^ sun’s heat 
may have been neutralised by corresponding adaptations in 
the pliable organisms of cultivated plants. All ive can 
certainly conclude is that no marked change has taken jilace 
in the heat of the sun during historical time. But when we 
(Mime to look back into much earlier ages, we find copious 
evidence that the earth has umlergone great changes in 
climate. Geological records can on this question hardly bo 
mi.sinterpreted. Yet it is curious to note that these changes 
are hardly such as could ari.se from the gradual exhaustion 
of the sun’s radiation. No doubt, in very early times wo 
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have evidence that the earth's climate must have been much 
warmer than at present. We had the great carboniferous 
peri(jd, when the temperature must almost have been tropical 
in Arctic latitudes. Yet it is hardly possible to cite this as 
evidenee that the sun was then much more powerful; for we 
arc immediately reminded of the glacial period, when our 
temperate /ones were overlaid by sheets of solid ice, as 
Northern (irreenland is at present. If we suppose the sun to 
have been hotter than it is at present to account for the 
vegetation which produced coal, then we ought to assume 
the sun to be colder than it is now to account for the 
glacial period. It is not reasonable to attrilmte such 
phenomena- to fluctuations in the radiation from the sun. 
The glacial periods prove that avo cannot appeal to geology 
in aid of the doctrine that a secular cooling of the sun is 
now in progress. The geological variations of climate may 
have bec'ii caused by changes in the earth itself, or by 
changes in its a(‘tual orbit; but hoAvever they have been 
(‘aused, they hardly tell us much with regard to the past 
history of our sun. 

The heat of the sun has lasted countless ages; yet we 
cannot credit tla^ sun Avitli the power of actually creating 
heat. We must apj)ly to tin* tremendous mass ol the sun 
the same laws which Ave ha\'e found by our experiments on 
the earth. We must ask, Avhence comes the heat suflicient 
to supply this lavish outgoing? Let us briefly recount the 
various suppositions that ha\^e been made. 

Ldac(‘ tAvo red-hot spheres of iron side by side, a large 
one and a small (me. They haA^e been taken from the same 
fire; they Avere both equally hot; they. are both cooling, but 
the small sphere cools more rapidly. It speedily becomes 
dark, while the large sphere is still gloAving, and Avould con- 
tinue to do so for some minutes. The larger the sphere, the 
longer it will tak(‘ to cool ; and hence it has been supposed 
that a mighty j^phen? of the prodigious dimensions of (3ur 
sun Avould, if once heated, cool gradually, but the durj^tion of 
the cooling would be so long that for thousands and for 
millions of years it could continue to be a source of light 
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and heat to the revolving system of planets. This suggestion 
will not bear the test of arithmetic. If the sun had no 
source of heat beyond that indicated by its high temperature, 
we can show that radiation would cool the sun a few degrees 
every year. Two thousand years would then witness a very 
great decrease in the suns heat. We are certain that, no 
such decrease can have taken place. The soui’ce of the 
sun’s radiation cannot be found in the mere cooling of an 
incandescent mass. 

Can the fires in the sun be maintained by combustion, 
analogous to that which goes on in our furnaces ^ Here we 
would seem to have a source of gigantic heat ; but arithmetic 
also disposes of this supposition. Wo know that if the sun 
were made of even solid coal itself, and if that coal were 
burning in pure oxygen, the heat that coidd be produced 
would only suffice for G,000 years. If the sun which shone 
upon the builders of the great Pyramid had been solid coal 
from surface to centre, it must by this time have l.)een in 
great part burned away in the attempt to maintain its present 
rate of expenditure. We are thus forced to l(.>ok to other 
sources for the supply of the sun’s beat, since neither the 
heat of incandescence nor the heat of combustion will sutlice. 

There is probably — indeed, we may say certainly — one 
external source from which the heat of the sun is recruited. 
It will bo necessary for us to consider this source with some 
care, though 1 think we shall find it to be merely an auxiliary 
of comparatively trifling moment. According to this view, 
the solar heat receives occasional accessions from the fall 
upon the sun’s surface of masses of meteoric luatter. There 
can be hardly a doubt that such masses do fall upon the 
sun: there is certainly no doubt that if they do, the sun 
must gain some heat thereby. We have experience on the 
earth of a very interesting kind, which illustrates the develop- 
ment of heat by meteoric matter. There lies a world of 
philosophy in a shooting star. Some of these myriad objects 
rush ^into our atmosphere and are lost ; others, no doubt, 
rush into the sun with the same result. Wc also admit that 
the descent of a shooting star into the atmosphere of the sun 
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must be attended Avith a flash o( lii^dit and of lieat. The 
lieat acquired by the earth irorn the f1ashinf( of the shooting 
stars through our air is quite insensible. It has been sup- 
posed, howevei-, that the heat accruing to the sun from the 
same cause may be quite sensible — nay, it has been even 
supposed that the sun may be re-invigorated from this source. 

Here, again, wo must apply the cold principles of Aveights 
and measures to estimate the plausibility of this suggestion. 
We tirst calculate the actual Aveight of meteoric indraught to 
the sun Avliicli Avould be adequate to sustain the tires of the 
sun at their present vigour. The mass of matter that Avould 
ho recpiired is so enormous that we cannot usefully cxj)ress 
it by imperial Aveights ; wo must deal Avith masses of impos- 
ing magnitude. It fortunately happens that the Aveight of 
our moon is a convenient unit. Conceive that our moon — 
a huge globes, 2,000 miles in diameter — Avere crushed into a 
myriad of fragments, and that these fragments were alloAved 
to rain in on the sun; there can bo no doubt that this 
tremendous meteoric shower Avould contribute to the sun 
rather more heat than would be required to supply his radia- 
tion for a whole year. If we take our earth itself, conceive 
it comminuted into dust, and alloAv that dust to fall on the 
sun as a mighty shoAver, each fragment would instantly give 
out a quantity of heat, and the Avhole Avould add to the sun 
a supply of heat adequate to sustain the present rate of 
radiation for nearly one hundred years. The mighty mass of 
J\q)iter treated in the same Avay Avould . generate a meteoric 
display greater in the ratio in A\diich the mass of Jupiter 
exceeds the mass of earth. Were Jupiter to fall into the 
sun, enough heat AA^ould be thereby produced to scorch the 
whole solar system ; Avhile all the planets together Avould be 
capable of producing heat Avhich, if properly economised, 
would supply the radiation of the sun for 45,000 years. 

It must be remembered that though the moon could 
supply one year’s* heat, and Jupiter 30,000 years’ heat, yet 
the practical question is not Avhether the solar system , could 
supply the sun’s heat, but Avhether it does. Is it likely 
that meteors cipial in mass to the moon fall into the sun 
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(uwy year / Tliis is rlie real (|nesiion, a]i(l I think we arc 
bound to reply to it in the ne^^ntive. It oan be shown 
that the quantity of meteors whitth eoiild be eaiij^ht by tlui 
sun in any one year can be only an exeessivt'ly minute fraction 
of the total amount. If, therefore, a moon-weight of meteors 
were caught every year, there must be an incredible mass of 
m(‘tcoric matter roaming at large through the system. There 
must be so many meteors that the earth would be incessantly 
pelted with them, and heated to such a d(‘gree as to be rendered 
uninhabitable. There are also otliei* reasons whicli preclude 
the supposition that a stupendous cpiantity of meteoric; matter 
exists in the vicinity of the sun. Such matter would produce 
an appreciable ehc(;t on the movement <>f the planet Mercury. 
There are, no doubt, some irngularitic^s in the movements of 
Mercury not yet hdly explained, but these; irregularities are very 
much less than would be the case if moteoric matter existed in 
(piantity adcfjuatc to the sustontation of the sun. Astronomers, 
then, believe that though meteors may provide a rate in aid of 
the sun’s current expenditure, yet that the greater portion of 
that expenditure must be defrayod fi-om other resources. 

It is one of the achievements of modern science to have 
attempted the solution of the problem by showing how it is 
that, notwithstanding the stupcialous radiation, the sun may 
still maintain its tcntperaturc. 'J’he ([uestion is not free from 
dithculty in its ex])ositiou, but the matter is one of su(;h very 
great importance that we are com])ell<‘d to make the attem])t. 

Let us imagine a vast globe of lieated gas in space. Tliis 
is not an entirely gratuitous suj)j)osilion, inasmuch as there 
are globes apjtarently of this character; they have been already 
alluded to as planetary nebula?. This globe will radiate lieat, 
and Avc shall .suppose tliat it emits more heat than it receives 
from the radiation of other bodies. Tlte globe will accord- 
ingly lose heat, or what is equivalent thereto, but it will be 
incorrect to assume that the globe will necessarily fall in 
temperature. Tliat the contrary is, indeed, the case is a 
result^ almost paradoxical at the first glance: but yet it can 
be shown to be a necessary consequence of the laws of heat 
and of gases. 
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Let US fix our attention on a portion of the gas lying on 
the surface of the globe. This is, of course, attracted by all 
the rest of the globe, and thus tends in towards the centre 
of the globe. If equilibrium subsists, this tendency must be 
neutralised by the pressure of the gas beneath; so ihiU the 
greater the gravitation, the greater is the pressure. When 
the globe of gas loses hea-t by radiation, let us suppose that 
it grows colder — that its temperature accordingly falls; then, 
since the pressure of a gas decreases when the temperature 
falls, the pressure beneath the superficial layer of the gjjLS will 
decrease, while the gravitation is unaltered. The consequence 
will inevitably be that the gravitation will now compicr the 
pressure, and the globe of gas will accordingly contract. There 
is, however, another way in which we can look at the matter. 
We know that heat is ecpiivalent to energy, so that when the 
globe rtidiates forth heat, it must expend energy. A part of 
the energy of the globe will be due to its temperature ; but 
another, and in some respects a more important, part is that 
due to the separation of its particles. If we allow the particles 
to come closer together we shall diminish the energy due to 
separation, and the energy thus set free can take the form of 
heat. Ihil this drawiiig in of the particles necessarily involves 
a shrinking of the globe. 

And now for the remarkable consequence, which seems to 
have a very im))ortant a[)plication in astronomy. As the globe 
contracts, a part of its. energy of separation is changed into 
heat ; that heat is partly radiated away, but not so rapidly 
as it is produced by the contraction. The consequence is, that 
although the globe is really losing heat and really contracting^ 
yet that its temperature is actually rising.* A simple case 
will suffice to demonstrate this result, paradoxical as it may 
at first seem. Let us sup[)ose that by contraction of the sphere 
it had diminished to <me-half its diameter; and let us fix our 
attention on a cubi(' inch of the gaseous matter in any ])oint. 
of the mass. AfCtr the contraction has taken place eacli edge 

* Sfr Nowconibts “ Pi'ipiilar Astronomy,’’ i). 508, where the discoverf of this 
law is attrihutcil to Mr. J. lloiiior Lane, of Washington. The contraction theory 
is duo to Helmholtz. 
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of the cube would be reduced to half au ineb, and the volunio 
would therefore be reduced to one-eigbtb part of its oriij^inal 
amount. The law of gases tells us that if the temperature 
be unaltered the pressure varies inversely as the volume, and 
consequently the internal pressure in the cube would in that 
case be increased eightfold. As, however, in the case 
before us, the distance between every two particles is 
reduced to one-half, it will follow that the gravitation 
between every two particles is increase<l fourfold, and as 
the a^'ea is also redticcd to one-fourth, it Avill follow that the 
pressure inside the reduced cube is increased sixteenfold ; 
but wo have already seen that with a constant temperature it 
only increases eightfold, and lienee the temperature cannot 
be constant, but must rise Avith the contraction. 

We thus have the somcA\diat astonishing result that a 
gtiseous globe in s[)ace radiating lieat, and thereby gnoving 
smaller, is all the time actually increasing in temperature. 
But, it may be said, surely this cannot go on lor (ivor. xVre 
Avc to suppose tliat the gaseous mass will go on contracting 
and contracting witli a temp(‘raturc ever ti^aeor atid tiercer, 
and actually radiating out more and morc^ luait the more it. 
loses ? Where lies the limit to such a jmispect ^ As the body 
contracts, its density must incnaise, until it either bec(.)mes a 
liquid, or a solid, or, at any rate, until il ceases to obey th(3 
laAvs of a purely gaseous body Avhich we have su]qK)sefl. Once 
these laAvs cease to he obseiwed the argnment disa])pears; the 
loss of heat may then r(*ally he attended Avith a loss of tem- 
])oraturc, until in tlc' course of time the body lias sunk to 
the temperature of space itself 

It is not assumed that, this retisoning can be applied in 
all its completeness to the present, stnte of the sun. Th(i 
sun’s density is now so great that the laws ot gases cannot 
he there strictly follow'ed. Then* is, hoAvever, good reason to 
believe that the sun AA^•lS once more gaseous than at present : 
possibly at one* time he may have l)C(‘n quite gaseous enough 
to admit of this reasoning in all its fulness. At present the 
sun appears to be in some intermediate stag(‘ of its ])rogress 
from the gaseous condition to the solid condition. We cannot, 
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tlierefore, say tliat the temperature of the sun is now increasing 
in correspondence with the process of (contraction. This may 
he true or it may not lie true; avo have no means of deciding 
the point. AVe ma}’, however, feel certain that the sun is 
still sutHeiently gaseous to experience in some degree the rise 
of temperature associated Avith the contraction. That rise in 
tempei'ature may be partly or Avholly obscured by the fall in 
temperature wliich Avould be the more obvious consecjuence of 
the radiation of heat from the partially solid body. It Avill, 
however, be manifest that the cooling of the sun may bo ^enor- 
mously protracted if the fall of temperature from the one 
cause be nearly compensated by the rise of temperature fixun 
the other. It can hardly be doubted that in this Ave find 
the real explanation of the iiict • that we have no historical 
evidence of any a[)preciable alteration in the radiation of heat 
from the sun. 

This (piestion is one of siudi interest that it may be Avorth 
Avhile to look at it from a slightly ditferent point of view. 
The sun contains a certain stcu’C of energy, part of Avhich is 
c-ontinually disappearing in the form of radiant heat. The 
energy remaining in the sun is partly transformed in character; 
some of it is transformed into heat, Avhich goes Avholly or 
jiartly to sipiply the loss by radiation. The total energy of 
the sun must, however, be decreasing; and hence it Avould 
seem the sun must at scuue time or other have its energy 

exhausted, and cease to be a source of light and of heat. It 

is true that the rate at Avhich the sun contracts is A^ery 
slow. We are, indeed, not able to measure Avith certainty 
tlu' decrease in the sun’s bulk. It is a quantity so minute, 
that the contraction since the birth of accurate astronomy is 

not, large enough to be perceptible in our telescopes. It is, 

howevc'r, j)ossible to compute Avhat the contraction of the 
suns bulk must be, on the supptAsition that the energy lost 
by that contraction just suffices to supply the daily radiation 
of heat. The chimge is very small Avhen Ate consider the 
present size of the sun. At the present time the sun's diameter 
is about «SG0,000 miles. If each year this diameter decreases 
by about 500 feet, sufficient energy Avill be yielded to account 
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for the entire radiation. Some gradual decrease is always in 
progress. 

These considerations are of considerahh? interest when we 
apply them retrospectively. If it be true that the sun is at 
this moment shrinking, then in past times his globe must 
have been greater than it is at present. Assuming the 
figures already given, it follows that one hundred years ago 
the diameter of the sun must have been about ten miles 
greater than it is now; one thousand years ago the diameter 
was one hundred miles greater: ten thousand years ago the 
diame*ter of the sun was apparently a thousand miles greater 
than it is to-da}^ The (HscovlIT of radium and its marvellous 
properties suggests, however, that possibly there may be other 
ways of keeping up the sun’s heat than that, of contraction 
alone. 

We must not, however, over-estimate the signiKcance of 
such figures. The diameter of the sun is so great that a 
diminution of 10,000 miles would be l»ut little more than 
the hundredth part of its diameter. Tf it wen' suddenly to 
shrink to the extent of 10,000 miles, the ehange would not 
be appreciable to ordinary observation, tlioiigb a mucb smaller 
(diange would not elude delicate astronomical measurement. 
It does not necessarily follow that the climates on our earth 
in these early times must have been very diOerent from 
those which we find at this day, for the (|uestion of climate 
depends upon othia* matters besides suni)eams. 

Yet we need not abruptly stop our retros])eet at any 
epoch, however naiiote. We may go back earlier and (‘arlier, 
through the long ages which geologists (‘laim for the deposi- 
tion of the stratilied rocks: and back again still further, to 
those very earliest epoclis when life )M:*gan to dawn on th(3 
earth. Still we can lind no reason to suppf)se tliat the law 
of tlie sun’s decrea.sing heat is not maintained; and thus we 
would seem bound by our present knowledge to supp(.)se that 
the sun grows •larger and larger the further our retnjspect 
extends. We cannot assume that the rate of that growth is 
always the same. No such assumption is re([uired ; it is 
sufficient for our purpose* that we find tin* sun growing 
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larger and larger the further we peer back into the remote 
abyss of time past. If the present order of things in our 
universe has lasted long enough, then it would seem that 
tliere was a time Avhen the sun must have been twice as 
large as it is at present ; it must once have been ten times 
as large. JIow long ago that was no one can venture to say. 
But we cannot stop at. the stage when the sun was even ten 
times as large as it is at present ; the arguments will still 
apply in earlier ag(‘s. We see the sun swelling and swelling, 
with a corresponding decrease in its density, until at length 
we find, instead of our sun as we know it, a mighty nebula 
filling a, gigantic region of space. 

Such is, in fact, the doctrine of the origin of our system 
which has been advanced in that celebrated speculation 
known as the nebular theory of Laplace. Nor can it be ever 
more than a, speculation; it cannot be established by obser* 
vation, nor can it be ])roved by calculation. It is merely a 
conjecture, Jiiore or less plausible, but perhaps in some degree 
necessarily true, if our ])resent laws of heat, as Ave under- 
stand them, admit of the extreme application here recpiired, 
and if also the present, order of things has reigned for suffi- 
cient time without the intervention of any influence at present 
unknown to us. This nebular theory is not confined to the 
history of our sun. Precisely similar reasoning may be 
extended to the individual planets: the farther we look back, 
tile liotter and the hotter does the whole system become. It 
has been thought that if we could look far enough back, we 
should see the earth too hot for life; back further still, we 
should rind the earth and all the planets red-hot; and back 
further still, to an exceedingly remote epoch, when the planets 
would be heated just as much as our sun is now. In a still 
earlier stage the whole solar system is thought to have been 
one vast mass of glowing ga.s, from which the present forms 
of the sun, with the planets and their satellites, have been 
gradually evolved.* We cannot be sure that the' course of events 
has been what is here indicated ; but there are sufficient 
grounds for thinking that this doctrine substantially repre- 
sents what has actually (K'curred. 
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Many of the features in the solar system liarmonise with 
the supposition that the orij^in of the system has been that 
su<^<;-este(l by the nebular theory. We have already had 
oceasion in an earlier chapter to allude to the fact that all 
the planets perform their revolutions around riie sun in the 
same direction. It is also to be observed that, the rotation of 
the planets on their axes, as well as the movements of the 
satellites around their primaries, all follow the same law, with 
two slii^ht exceptions in the ease of the rranian and Neptunian 
systems. A coincidence so remarkable naturally suggests the 
necessity for some physical explanation. Sm^h an explanation 
is ottered by the nebular theoiy. Suppose that countless ages 
ago a mighty nebula, was slowly rotating and slowly contracting. 
In the process of contraction, portions of tlie condensed matt,er 
of’ the nebula woidd be left behind. These portions would 
still revolve around the central mass, and ejicli ))ortion would 
rotate on its axis in the same direction. As the process of 
contraction proceeded, it would follow from dynamical prin- 
ci[)les that the velocity of rotation would increase: and thus 
at lengtli these portions would consolidate into planets, while 
the central mass would gradually conti’act to form the sun. 
By a similar process on a smaller scale the systems of satellites 
were evolved from the contracting primary. These satellites 
would also revolve in the same direction, and thus the charac- 
teristic features of the solar system could b(‘ accounted for. 

The nebular origin of the solar system receives consider- 
able countenance from the study of the sidei’cal heavens. We 
have already dwelt upon the resemblance between the sun 
and the stars. If, then, our sun has ])assed through such 
changes as the nebular theory retiuires, may we not anticipate 
that similar phenomena should be m(*t with in other stars ^ 
If this be so, it is reasonalde to suppose that the evoluti(jn of 
some of the stars may not have ju’ogres.sed so far as has that 
of the sun, and thus we may be able actually to witness stars 
in the earlier pliases of their developnient. Let us see how 
far the telescope responds to these anticipations. 

Tlie field of view of a largo telescope usually discloses a 
number of stars scattered over a black background of sky ; 
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but the blackness of the background is not uniform : the 
practised eye of tl>c skilled <jbserver Avill detect in some parts 
of the heavens a faint luminosity. This will sometimes be 
visible over the whole extent of the field, or it may even 
occupy several fields. Venrs may pass on, and still tlien^ is 
no perceptible change. TIktc can be no illusion, and the 
conclusion is irresistible that the object is a stupendous mass 
of faintly luminous glowing gas or vapour. This is the simplest 
type of nebula; it is cliaraeterised by extreme faintness, and 
seems composed of matter of the utmost tenuity. On the 
other hand we are (XM-asionally presented with the bt^autiful 
and striking ])henomenon of a definite and brilliant star 
surrounded by a luminous atmosphere. Between these two 
extreme types of a faint diffused mass on the one hand, and 
a bright star with a nebula surrounding it on the other, a 
graduated series of vaihais other nebula* can be arranged. 
V\^c thus have a seri(‘s of links passing by imperceptible 
gradations from the most faintly diffused nebula* on the 
one side, into stars on the other. 

The nebula* seemed to Herschel to be vast masses of phos- 
])horescent vapour. This vapour gradually cools down, and 
ultimately condenses into a star, or a cluster of stars. When 
the varied forms of nebula* were cla.ssified, it almost seemed 
as if the different links in the process could be actually wit- 
nessed. In the vast faint nebulie the process of condensation 
had just begun: in the smaller and brighter nelada* the con- 
densation had advan(*(‘d farther; while in others, the star, or 
stars, arising from the condensation had already become visible. 

But-, it may be asked, how did Herschel know this ? what 
is his evidence L(^t us answer this question by an illustra- 
tion. (ro into a forest, and look at a noble old oak Avhich has 
weathered the storm for centuries: have we any doubt that 
the oak-tree was once a young small plant, and that it grew 
stage by stage until it reached maturity ? Yet no one has 
ever followed an oak-tre(* through its various ‘stages ; the brief 
span of human life has not been long enough to do so. The 
reason why we believe the oak-tree to have passed through 
all these stages is, because we are familiar with oak-trees 
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of every gradation in size, from the seedling , up to the noble 
veteran. Having seen tliis gradation in a vast inidtitudo of 
trees, we arc convinced that each individual passes through 
fill these stages. 

It was by a similar train of reasoning that Hersehcl was 
led to adopt the view of the origin of the stars wliich we 
have endeavoured to. describe. The astroiKuner’s life is not 
long ('iiough, the lif(^ of the human race might not b(‘ long 
enough, to watch the process by which a nebula condenses 
down so as to bwm a, solid body. Hut by looking at one 
nebida aftiu* another, the astroiionun* thinks he is able to 
dcitect the various stages which connect t,he ladada in its 
original form with the llnal fonn. Ib.^ is thus led to believe 
that each of the nebula' ])asses, in tlie (bourse; of ages, through 
th('se stages. And thus Iha-sc'hel adopt ('d th<^ opinion that 
stars---sonie, many, or all — hava.^ each originated fiom what 
was onc(i a glowing nebula. 

Such a s})c(adation iiaiy captivaU.^ the imagination, but it. 
must bo (farefully distinguished from the truths of a,stronomy, 
])roperly so called. Remot(^ posterity may ])in*haps obtfiin 
evidence on tin; sid)j(M*t which to us is imutcessible : our know- 
ledge of nebula! is too recent. "Fhere has not yt't bcMai time 
enough to detect any a])pr(*ciablo clianges : for the study 
of nebuke (am only be said to dab? from Messier’s ( ataJogue 
in 1771. 

Since Herscln'l’s time, no doubt, juany caret ul draAvings and 
observations of the nebuke bavi' Ix'on obtained; but, still the 
interval has been much t(X) short, and tin? earlic'r observations 
are too imperfect, to enable any (diangiis in th(' nebula? to be; 
inv(‘stigated Avith sufheient accuracy. If tbe biiinan race lasts 
for very many centuries, and if our ])r(‘sent observat.ions are 
})reserved during that time for compa,ris(m, then llerschers 
theory may perhaps be satisfactorily tested. 

A hundred years liavo passed since Laplace, with some 
diffidence, sot forfli his hypcMliesis as to the mode of forma- 
tion of the solar system. On the whole it must bo said that 
this “nebular hypothesis” has stood the test of advancing 
science Avell, though some slight modifications have become 
1 I 
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necessary in the light of more recent discoveries. Laplace (and 
Herschel also) seems to have considered a primitive nebula 
to consist of a “ fiery mist or glowing gas at a very high 
temperature. Eut this is by no moans necessary, as we 
have seen that the gradual contraction of the vast mass 
supplies energy wliich may be converted into heat, and the 
spectroscopic evidence seems also to point to the existence 
of a moderate temperature in the gaseous nebulae, which 
must be considered to be representatives of the hypothetical 
primitive (diaos out of which our sun and planets hove been 
evolved. Another point which has been reconsidered is th(^ 
formation of the various planets. Tt was formerly tliought 
that the rotation of the original mass had by degrees caused 
a numbea* of rings of different dinumsions to bc^ separated 
from the central part, the material of which rings in time 
collected into single planets. The ring of Saturn was held 
to be a proof of this process, since we here have a ring, the 
coiKhmsation of which into one or more satellites has some- 
how been arrested. 

The a(itual steps of tlio process by which the primeval 
nebula became transformed into the solar system seem to lie 
beyond reach of discovery. 
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THE TIDES* 

'» 

Matliomatic.'il Aatronorny — 'rh(‘orios : }jo\v far th»y arn rrally Trim 
— The Solar System not Made of liigid liodies- Kepler’s Laws True to 
(Observation, but not Absolutely True wlieii the Bodies are not Ki^id — The 
Errors of (Observation — The 'i’idos— IIonv the Tides were Observed Discovery 
of the Connection betAveen tlie Tides and th(5 Moon— Solar and liunar Tides — 
Work done by the Tides — Whence do the 'I’iih's obtain the Povver to ilo the 
Work ? — Tides are Ineri'asin.:^ the Length of the Day -Limit to the Sliortmiss 
of the Day— Early History of the Earth-Moon System — TListablo Equilibrium — 
Ttatio of the Month to the Day-d’ho Future (^mrse of the System 
Equality of the Month and tin* Day -The Future Critii'al Epoch— d'he 
(!onstant Face of the 3loon a<‘COunted for — d'he other Side of the Moon — 
The Satellites of !Mars- Their itemarkable Motions — Have, the 'I’ides l*us- 
scj'Sed Iiitluenee in ^louldiiig the Solar System giaierally ? --Moment of 
Momentum — 'I’ides have liad litthi or no Appreciable EITcct on the Orbit of 
Jupiter — Conclusion. 


That the great discoveries of Lagrange on the stability of 
the j)lanctary system are (^.orrect is in one sense stri(;tly true. 
No one has ever ventured to im])ugn the matheiualics of 
Lagrange. Given the planetary system in th(3 form which 
Lagrange assumed and the stability of that system is assiirthl 
for all time. There is, however, one assumption which 
Lagrange mak( 3 s, and on Avhicjh his whole th(‘ory was 
founded : his assumption is tliat the planets are rujid 
bodies. 

No doubt our earth seems a rigid l)ody. What can ho 
more solid and unyielding than the mass of rocdxs and 
metals* which fovm the earth, so tar as it is aceessihb) to 
us ? In the wide realms of space tlio earth is hut as a 

* The theory of Tidal Evolution sketched in this chapter is mainly due to 
the researches of Professor (L II. Darwin, F.ILS. 
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particle ; it surely was a natural and a legitimate assumption 
to suppose that that particle was a rigid bod3\ If the earth 
were absolutely rigid — if every particle of the earth were 
absolutely at a fixed distance from every other particle — if 
under no stress of forces, and in no conceivable circum- 
staiKio, the earth experienced even the minutest change of 
form — if the same (‘ould be said of the sun and of all the 
other plamUs — then Lagrange’s prediction of the eternal 
duration of our sj^stem must be fultilled. 

But what are the facts of the case ? Is the eart.li really 
rigid We know from experiment that a rigid body in the 
mathematical sense of the word does not exist. Lcx'ks are 
not rigid ; steel is not rigid : even a diamond is not ])crfc(;tly 
rigid. The whole earth is far from being rigid ev(Mi on the 
surface, while part of the interior is still, perha[)s, more or 
less fluid. The earth cannot be called a perfectly rigid body; 
still less can the larger bodi(‘S of our system be called rigid, 
dupiter and Saturn are perhaps hardly even what could be 
calk'd solid bodies. The solar system of Lagrange consisted 
of a rigid sun and a number of minute rigid planets; the 
actual solar system con.sists of a sun which is in no sense 
rigid, and ])lanets which are only ])artially so. 

The (piestion then ari.ses as to whetluu' the discoveries of 
the groat mathematicians of the last century will apply, not 
oidy to the ideal solar system Avhicdi they conceived, but to 
the actual solar .system in which our lot lias bef'ii cast. 
There ciin be no doubt that the.se discoveries are a[)proxi- 
mately true : they are, indeed, so near the absolute truth, 
that observation has not yvl satisfactorily shown any departure 
from them. 

Hut in the present state of science we can no longer over- 
look the important (pieslions Avliich arise wln'ii we deal Avith 
bodies not rigid in the niathemathuil sen.se of the Avord. Let 
US, for instance', take the simplest of the laws to Avhich we 
have referred, fhe great Liav of Kcjiler, Avh'udi asserts that a 
planet will revohx' for ever in an elliptic path of Avhich the 
sun is one focus. This is seen to be verified by actual observa- 
tion ; indeed, it Avas established by observation before any 
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theoretical cxplaiuition of that inoveTiieiit was ])ropoun(lcd. 
If, however, we state the matter with a little more precision, 
we shall find that wliat Xcjwton really demonstrated was, that 
if two parr ides attract each other by a law of fon^o 

wliicih varies with th(3 inverse stpiare of the distance betweem 
the particles, then each of tlu' particles will describe an ellipse 
with tlie common centre of gravity in the huais. The c^arlh 
is, to some extent, rii^id, and heiu^e it was natural to suppose 
that the relative behavionr of the earth and tlic sun wonld, 
to a correspondinL^ (‘xtent, observe the simph; (‘lliptht law of 
Kepler ;''as a matter of fact, they do obs('rve it with siKth 
fidelity that, if we make allowance for other causes of dis- 
turbam'C, w(^ (annot, even ])y most carefnl obs(‘rvatio]i, (h'tect 
the slightest vai-iation in the motion of the earth arisini^^ from 
its want of riiiiidity. 

There is, howevei’, a subtlety in llie invest illations of malhe- 
unities which, in this instance at all events, transcends tlie 
most delicate observations whicli onr instrnni(‘nts enable ns 
to make. The principles of matlnanatics tell ns that lh()n<»h 
Keplers laws may be true for bodies whicdi are absolntc'ly 
and mathematicadly ri<;‘id, yet that if the sun or tlie planets 
be either wholly, or oven in their minutest part, devoid of 
perfect rit;’idity, then Keplers laws can be no Ioniser triK'. Do 
we not seem here to be in tlu^ presemaj of a contradiction ? 
Observation tells ns that KopU‘r’s laws are true in the 
planetaiy system; theory tells us tlnit these laws cannot ho 
true ill the jilaiietary system, hecanse tlie bodies in tliat 
system are not jiorfeetly rv^id. How is this discrepancy to he 
removed ? Or is there really a discrepancy at all? There is not. 
When we say that Kepler’s laws have been proved to bo 
true by observation, wo must rulleet on the nature of the 
proofs which arc attainable. Wo observe the plac(5S of the 
planets with the instruments in our obscrvatorii's ; these 
places are measured by the help of our clocks and of the 
graduated circles ^on the instriimeiits. These observations are 
no doubt wonderfully accurate ; but they do not, they cannot, 
possess** ^ibsohito accuracy in the mathematical sense of the 
word. We can, for instance, determine the place of a planet 
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with such precision that it is certainly not one second of arc 
wrong ; and one second is an extremely small quantity. A 
foot-rule placed at a distance of about forty miles subtends 
an angle of a second, and it is surely a delicate achieve- 
ment to measure the place of a planet, and feel confident 
that no error greater than this can have intruded into our. 
result. 

When we compare the results of observation with the 
calculations conducted on the assumption of the truth of 
Kepler’s laws, and when we pronounce on the agreement of 
the observations with the calculations, there is always a 
reference, more or less explicit, to the inevitable errors of the 
observations. If the calculations and observations agree so 
closely that the differences between the two are minute 
enough to have arisen in the errors inseparable from the 
observations, then we are satisfied with the accordance ; for, in 
fact, no closer agreement is attainable, or even conceivable. 
The influence which the want of rigidity exercises on the 
fulfilment of the Jaws of Kepler can be estimated by calcula- 
tion ; it is found, as might bo expected, to be extremely small 
— so small, in fact, as to bo contained within that slender 
margin of error l)y which observations are liable to be 
affected. We are thus not able to discriminate by actual 
measurement the effects due to the absence of rigidity; 
they are inextricably hid among the small errors of ob- 
servation. 

The argument on which we are to base our researches is 
really founded on a very familiar phenomenon. There is no 
one who has ever visited the sea-side who is not fixmiliar with 
that rise and foil of the sea which we call the tide. Twice every 
twenty-four hours the sea advances on the beach to produce 
high tide ; twice every day the sea again retreats to produce 
low tide. These tides are not merely confined to the coasts ; 
they penetrate for miles up the courses of rivers ; they periodi- 
cally inundate great estuaries. In a maritime countty the 
tides arc of the most profound practical importance ; they also 
possess a significance of a far less obvious character, which it 
is our object now to investigate. 
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These daily pulses of the ocean have long ceased to be a 
mystery. It was in the earliest times perceived that there 
was a connection between the tides and the moon. Ancient 
writers, such as Pliny and Aristotle, have referred to the 
alliance between the times of hisfh water and the a^e of the 
moon. I think we sometimes do not give the ancient astron- 
omers as much credit as their shrewdness really entitles tlicni 
to. Wo have all read — we have all been taught — that the 
moon and the tides are connected together ; but how many 
of us arc in a position to say that we have actually noticed 
that connection by direct personal observation ? The first man 
who studied this inattcr with sufficient attention to convince 
himself and to convince others of its reality must have been 
a great philosopher. We know not his name, we know not 
his nation, we know not the age in which he lived; but our 
admiration of his discovery must be increased by the reflection 
that ho had not the theory of gravitation to guide him. A 
philosopher of the present day who had never seen tlie sea 
could still predict the necessity of tides as a conse(pience of 
the law of universal gravitation ; but the primitive astronomer, 
who knew not of the invisible bond by whi(jh all bodies in 
the universe are drawn together, made a si)londi(l — indeed, a 
typical — inductive discovery, when ho asc^ertained the relation 
between the moon and the tides. 

We can surmise that this discovery, in all probability, first 
arose from the observations of experienced navigators. In all 
matters of entering port or of leaving port, the state of the 
tide is of the utmost concern to the sailor. Even in the open 
sea he has sometimes to shape his course in accordance with 
the currents produced by the tides ; or, in guiding his course 
by taking sounding.s, he has always to bear in mind that 
the depth varies with the tide. All matters relating to the 
tide would thus come under his daily observation. His 
daily work, the success of his occupation, the security of 
his, life, depend often on the tides; and hence he would be 
soli(jitous to learn from his observation all that would be 
usefiil to him in the future. To the coasting sailor the 
question of the day is the time of high water. That time 
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varies from day to day ; it is an hour or more later to-morrow 
than to-day, and there is no very simple rule which can bo 
enunciated. The sailor would therefore welcome gladly any 
rule which would guide him in a matter of such importance. 
We can nuike a conjecture as to the manner in which such 
a rule was lirst drscovered. Let us suppose that a sailor at 
Calais, for example, is making for harbour. Ho has a beau- 
tiful night — the moon is full ; it guides him on his waj^ ; lie 
gets safely into harbour ; and the next morning he hnds 
the tide high between 11 and 12.^’ Ho often repeats the 
same voyage, but he finds sometimes a low and inconvenient 
tide in the morning. At length, however, it occurs to him 
that Ih(s (f fiifl 'nwon> at nUjht he has a high tide at 

11. This occurs once or twice: he thinks it but a cliance 
coincidence', ft occurs again and again. At length he finds 
it always occurs. He tells the rule to other sailors ; they 
try it too. Tt is invariably found that when the moon is 
full, the high tide always recurs at the same hour at the 
same place. The connection between the moon and the tide 
is thus established, and the intelligent sailor will naturally 
com[)are other phases of the moon with the times of high 
water. He finds, for example, that the moon at the first 
(piartcr always gives high Avater at the same hour of the 
day ; and finally, he obtains a [U’actical rule, by which, from 
the state of the moon, he can at oiu^e tell the time Avhen 
the tide Avill bo high at the port where his occupation lies. 
A diligent observer will tracte a still further connection 
between the moon and the tides; he Avill observe that some 
high tides rise liigher than others, that some low tides 
fall lower than others. This is a matter of much practical 
importance. When a dangerous bar has to be crossed, the 
sailor Avill feel much additional security in knowing that ho 
is carried over it on the top of a spring tide; or if he has 
to contend against tidal currents, which in some places have 
enortnous forego, he will naturally prefer for his voyage ,the 
neap tides, in Avhi(!lh the strength of these currents is less 

♦ The hour varies with the locality: it would be 11.49 at Calais; at £ivcr- 
pool, 11.23 ; at Swansea Bay, 5.o6, etc. 
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than usual. The sprinc^ tides and tlio neap tides will bcconic 
laniiliar to him, and he will perceive that the spring tides 
occur when the moon is full or new — or, at all events, that 
the spring tides are within a certain constant number ol 
days of the full or new moon. It was, no doubt, by reason- 
ing such as this, that in primitive times the (jonnecition 
between the moon and the tides came to be perc.eived. 

It was not, however, until the great discovery ot Newton 
had disclosed the law of universal gravitation that it becaiiie 
possible to give a physi(jal explanation of the tides. It was 
tlien seen how the moon attracts the whole earth and every 
particle of the eartli. It was seen how the*, fluid particles 

which form the (xioans on the earth wen*, enabled to obey 
the attraction in a way that the solid parts (*oul(l not. 

When the moon is ov(a*ii('a(l it t(*nds to draw the water up, 
as it wen;, into a heap underiK'ath, and thus to give rise to 
the high tide. The water on the opposite side ot the (;arth 
is also aftected in a way that might not be at lirst anti(;i- 

pated. The moon attra(‘,ts the solid body ol the earth with 

greater intensity than it attracts the water at (ho otlnjr 
side which lies more distant from it. Ihe earth is thus 
drawn away from the water, and there is tln'retore a ten- 
dency to a high tide as well on tlie side ol the eaith iiway 
from the moon as on that towards the moon. 1 he low tides 
o(cu])y the intermediate positions. 

The sun also ex(',ites tides on tin; (‘arth ; but owing to Uie 
great distance of the sun, the diiren‘nc(i between its attraction 
on the sea and on the solid interior of the earth is not so 
appreciabh;. The solar tides an; thus smaller than the liinar 
tides. When the two conspire, tlicy cause a spring tide; 
Avhen the solar and lunar tides are oppos(;d, we have the 

nea]) tide. , 

There are, however, a multitude of circumstanc(;s to be 

taken into account Avhen we attempt to apply this general 
reasoiiing to tb.c conditions of a iiarticailar case. Owing to 
local peculiarities the tides vary enormously at the diftercnt 
parts*of the coast. Tn a confined area like the l\[editcrranc\an 
Sea, the tides have only a comparatively small range, varying 
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ut different places from one foot to a few feet. In mid-ocean 
also the tidal rise and ftill is not large, amounting, for instance, 
to a range of three feet at St. Helena. Near the great conti- 
nental masses the tides become very much modified by tlie 
coasts. We find at London a tide of eighteen or nineteen 
feet ; but the most remarkable tides in the British Islands 
arc those in the Bristol Channel, where, at Chepstow or Cardiff, 
there is a rise and fall during spring tides to the height of 
thirty-seven or thirty-eight feet, and at neap tides to a height 
of twenty-eight or twenty-nine. These tides are surpassed 
in magnitude at other parts of the world. The greatest of 
all tides are those in the Baj^ of Bundy, at some parts 
of which the rise and fall at spring tides is not less than 
fifty feet. 

The rising and falling of the tide is necessarily attended 
with the formation of currents. Such (iiirrents are, indeed, 
well known, and in some of our great rivers they are of the 
utmost C()nsequen(;(\ These currents of water can, like water- 
streams of any other kind, be made to do useful work. We 
can, for instance, impound the rising Avatcr in a reservoir, and 
as the tide falls wc can compel the enclosed water to work a 
water-wheel before it returns to the sea. We have, indeed, 
here a source of actual power; but it is only in very un- 
usual (arcumstanc(^s that it is found to be economical to use 
the tides for this purpose. The ciucstion can be submitted to 
calculation, and the area of the reservoir can be computed 
which would retain sulHcient water to work a water-wheel 
of given horse-power. It can be shown that the area of the 
reservoir necessary to impound water enough to produce 100 
horse-power would be 40 acres. The whole question is then 
reduced to the simple one of expense : would the construction 
and the maintenance of this reservoir be more or less costly 
than the erection and tlie maintenance of a steam-engine of 
equivalent power? In most cases it would seem that the 
latter would be by far the cheaper ; at all events, we do not 
practicall}^ find tidal engines in use, so that the power of 
the tides is now running to waste. The economical ag 2 )ects 
of the case may, however, be very profoundly altered at some 
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remote epoch, when oitr stores of fuel, now so lavishly 
expended, give appreciable signs of approaching exhaustion. 

The tides are, however, doing work of one kind or another. 
A tide in a river estuary will sometimes scour away a bank 
and carry its materials elsewhere. Wo hav(^ hero work done 
and energy consumed, just as much as if the same task had 
been accomplished by engine(‘rs directing the powerful arms 
of navvies. We know that Avork cannot be done without the 
consumption of energy in some of its forms ; whence, then, 
comes the energy which supplies the power of the tides ? 
At a first glance the answer to this ([uestion seems a very 
obvious one. Have we not said that the tides are caused by 
the moon? and must not the energy, therefore, be derived 
from the moon ? This seems plain enough, but , unfortunately, 
it is not true. It is oik^ of those cases by no m(\‘ins infrcHpient 
in Dynamics, Avhere the truth is widely ditfercait from that 
Avhi(h s(‘ems to be the case. An illustration will perhaps make 
the matter clearer. When a riHo is fired, it is the linger of 
the rifleman that pulls the trigger: but are we, then, to say 
that the energy by which the bulk'X has been driven off* has 
been supplied by the rifleman ? Certainly not ; the energy 
is, of course, due to the gunpowder, and all the rifleman did 
was to provide the iiieans by which the eiKjrgy stored up in 
the powder could be liberated. To a cca-tain extent may 
compare this Avith the tidal problem ; the tides raised by the 
moon are the originating cause when^by a c(‘rtahi store of 
energy is drawn upon and applied to do such Avork as the 
tides are competent to perform. This store of eiuTgy, strange 
to say, does not lie in the moon; it is in the- earth itself. 
Indeed, it is extremely remarkable that the moon actually gains 
energy from the tides by itself absorbing some of the store 
Avhich exists in the earth. This is not put forward as an 
obvious result; it depends upon a refined dynamical theorem. 

We must clearly understand the nature of this mighty 
stdre of energy from Avhich the tides draAV their power, and on 
which the moon is permitted to make large and incessant drafts. 
Let us see in Avhat sense the earth is Siiid to possess a store of 
energy. We knoAv that the earth rotates on its axis once 
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every day. It, is this rotation wdiich is the source of the 
('neri'y. Let us coinpare the rotation of the earth with the 
rotation of the hy- wheel belonging to a steam-engine. The 
rotation of the fly-wheel is really a reservoir, into wliieh the 
engine pours energy at ea(ih stroke of the piston. The various 
machines in the mill worked by the engine merely draw u[)on 
the store of energy accumulated in the fly-whccl. The earth 
may be likened to a gigantic fly-wheel dc^tached from the 
engine, though still connected with the mac^hines in the mill. 
From its stu])endous dimensions and from its rapid velocity, 
that great fly-wheel posscssi.'s an enormous store of energy, 
whi(^h must be e.xpended before the fly-wheel comes to rest. 
Hence it is that,, though the tides arc caused by the moon, 
yet the energy tiny reejuire is obtained by sim])]y appro- 
l)riating some of the vast supply availabhi from the r(.)tation 
of the earth. 

There is, liowevc'r, a distinction of a very fundamental 
chara(;ter between tlu) earth and the Hy- wheel of an engine. 
As the (energy is withdrawn from the fly-wheel and consumed 
by th() various machines in the mill, it is continually re- 
])lace(l by fr(?sh energy, whi(di Hows in from the e.xertions of 
the steam-engine, and thus the velocity of the fly-wh(‘el is 
maintained. Hut tlu^ earth is a fly-wheel without the engine. 
When the tides draw upon the store of energy and expend it 
in doing work, that energy is not replaced. The c'onsequence 
is irresistible : the enej*gy in the rotation of the earth must 
be decreasing. Tiiis leads to a conse(|uence of the utmost 
significance. If the engine be cut off from the fly-wheel, 
then, as everyone knows, the massive fly-wheel may still give 
a few rotations, hut it will speedily come to rest. A similar 
inference must be made with regard to the earth ; but its 
store of energy is so enormous, in com])arison Avith the de- 
mands which are made upon it, that the earth is able to 
hold out. Ages of c.ountless duration must elapse before the 
energy of the eartlijs rotation can bo completely exhausted 
by such draffs as the tides are capable of making. Never- 
theless, it is necessarily true that the energy is decreasing; 
and if it be decreasing, then the speed of the earth’s rotation 
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must be surely, it slowly, abating. Now we have arrived at 
a eonscqueuce ot the tides which admits of boiug’ stated in 
the simplest language. If the speed ot rotation be abating, 
then the length of the day must be increasing; and hence 
A\"e are conducted to the following most im[)ortant statejnent: 
that the tulrs <nr lucrrusi nij (}((> InKjth vf (J(c dajj. 

lo-day is longer than yesterday- -to-morrow will be longer 
than to-day. The difference is so small that (W’cn in the 
conrS(? of ages it can hardly be said to have been distinctly 
esta[)lisbed by observation. We do not ))rctend to say how 
many centuries have ela[)S(Ml since the day was even oikj second 
shorter than it. is at pi‘(*sciit ; but (tenturics are not the units 
which we em])loy in tidal (*volution. A million years ago it 
is (piite probable that tlu^ divcigtaice of the haigth oi* the day 
from its ]n*escnt value may liav(i b(‘en Aa'ry (.‘onsiderable. Let 
us take a glaiK'e l^ack into the ])i*ofound d(*pths of times ])ast, 
and see what the tides hav(5 to tel) us. If tin* present order 
of things has last,ed, the day must hav(^ Ix'cn sbortta* and 
shorter the farther wo look back into the dim ])ast. The day 
is now twenty-four hours; it was onc.e tw(;nly hours, oiaai ten 
hours; it was once six hours. How much farther can w() 
go Once the si.x hours is ])ast, we Ix'gin to approach a 

limit wlii(h must at some ])oint hound our reti'ospcfjt. 'j'lai 

short(-‘r the day the more is the earth hulg(al ;it the iMpiator ; 
the more tlui (airth is bulged at the (xjuator the greater is 
the strain put upon tlu' Jiiatei-ials of the earth by tla^ (!(intri- 
fugal force of its lotation. If th(‘. earth were to go t,oo fast 
it Avould be unable to cohere together; it would S(‘pa.rat(i into 
pieces, just as a gihidstone drivcji too rapidly is rent asumha* 
Avith violence. Here, therefore, w(i disc(‘rn in the nanote j)ast 
a barrier Avhich stops IIhj ])res(‘nt argunKait. There is a 
certain critical velocity Avhich is the grc'atest that th(i earth 
c(aild bear Avithout risk of rupture, but the exact amount of 

that vehxaty Is a question not very easy to answer. It de- 

pends upon ‘the nature of the materials of the earth; it 
depends upon the temperature ; it depends upon the effect 
of pressure, and on other details not accurately known to us. 
An estimate of the critical velocity has, however, been made. 
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and it has been shown mathematically tliat the shortest 
period of rotation Avhich the earth (;onld have, without hying 
into pieces, is about three or four hours. The doctrine of 
tidal evolution has thus conducted us to the conclusion that, 
at some inconceivably remote epoch, the earth was spinning 
round its axis in a period ap 2 )roximating to three or four 
hours. 

Wo thus learn that we are indebted to the moon for the 
gradual elongation of the day from its primitive value up to 
tW(aity-four iiours. In obedience to one of the most {u-ofoimd 
laws of nature, the earth has reacted on the moon, aiul the 
reaction of the earth has taken a tangible form. It has 
simply consisted in gradually driving the irioon away from 
the earth. You may observe that this driving away of the 
moon rcsembh's a piece of retaliation on the part of the earth. 
The consecpiencc of the retreat of the moon is sufficiently re- 
markable. The path in which the moon is revolving has at the 
present tuno a radius of 240,000 miles. This radius must 
bo constantly gro\^ing larger, in consequence of the tides. 
Provided with this fact, let us now glance ba(4v into the 
past history of the moon. As the moon’s distance is increas- 
ing when wo look forwards, so wo Hnd it decreasing when 
we look backwards. The moon must have been nearer 
the earth yesterday than it is to-day ; the differeiK^e is no 
doubt inappreciable in years, in centuries, or in thousands 
of years ; but when we come to millions of years, the moon 
must have been significantly closer than it is at present, 
until at length wo find that its distance, instead of 240,000 
miles, has dwindled down to 40,000, to 20,000, to 10,000 
miles. Nor need we stop — nor can we stop — until wo find 
the moon actually close to the earth’s surhiec. If the 
present laws of nature have operated long enough, and if 
there has been no external interference, then it cannot be 
doubted that the moon and the (^arth were once in imme- 
diate proximity. We can, indeed, calculate t'he period in 
which the moon must have been revolving round the earth. 
The nearer the moon is to the earth the quicker it must 
revolve; and at the critical epoch when the satellite was 
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ill immediate proximity to our earth it must liaVc completed 
each revolution in about three or four hours. 

This has led to one of the most darinj^ speculations whicli 
has ever been made in astronomy. We cannot refrain from 
enuncL‘itin<( it ; but it must be remembered that it is only a 
speculation, and to be received with corresponding reserve. 
The speculation is intended to answer the (picstion, What 
brought the moon into that position, close to the surface^- of 
the earth i Wo will only say that there is the gravest 
reas(vi to believe that the moon was, at some very early 
period, fractured off trom the earth when th(^ earth was in a 
soft or plastic condition. 

At the Ix'ginning ol* tlie history we found the earth 
and the moon close together. W(*. found that, the rate of 
rotation of tlio earth wiis only a few hours, instead of twenty- 
four hours. We found that the moon complied its journey 
round the primitive earth in exactly the same time as the 
primitive earth rotated on its axis, so that the two bodies were 
then constantly fac(‘, to face. Such a statci of things forined 
Avhat a mathemati(;ian would (h'scTilui as a (tase of unstable 
dynamical ecpiilibrium. It could not last. It may be com- 
pared to the cas(^ of a nc('dle balaiu^cd on its point ; the 
needle must fall to one si(le or the other. In th(‘, samii way, 
the moon (jould not continuo to preserve this ]M)sition. 
There were two courses open : the moon must eitlier hawo 
fallen back on the earth, and been reabsorbed into the 
mass of the earth, or it must have commciuitjd its outward 
journey. Which of these courses was the moon to adopt / 
Wc have no means, ])erhaps, of knowing exactly what it 
was which (h'termined the moon to one course rather than 
to another, but as to the course which was actually taken 
there can be no doubt. The fa(!t that the moon exists sliows 
that it did not return to the earth, but commonciid its out- 
ward journey. As the moon recedes from the earth it must, 
in conformity* with Kepler’s laws, rcHpiire a longer time to 
cony^lete its revolution. It has thus happened that, from 
the original period of only a few hours, the duration has 
increased until it lias reached the present number of G5(> 
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hours. The rotation of the earth has, of course, also been 
modified, in a('('or(laiua 3 ’with the retreat of the moon. Once 
the moon had commenced to recede, th<3 earth was released 
from the obligation Avhich re(|uired it constantly to dircc^t 
the same face to the moon. When the moon had receded 
to a certain distaTK-e, the earth Avoiild complete the rotation 
in less time than that rcupiired by the moon for one revolu- 
tion. Still the moon gets further and further away, and the 
duration of the revolution increases to a corresponding extent, 
until throe, four, or more days (or rotations of tlui (^artli) 
are id(‘nti(!al with the month (or revolution of' the moon). 
Although the number of days in the month increases, yet 
wo are not to sup]K)so that the rate of the earth’s rotation 
is incri'asing ; indeed, the contrary is the fact. The earth’s 
rotation is getting slower, and so is the revolution of tlie moon, 
but th(^ rc'tardation of the moon is greater than that of the 
earth. Mven though tlui period of rotation of tln^ ('arth has 
greatly incivased from its ]’>rimitive a\i1uc, yet the p(‘riod of 
the moon has increased still more, so that it is several times 
as large as that, of the rotation of the earth. As ages roll 
on the moon rc'cedes further and further, its orbit incn'nses, 
the duration (d‘ the revolution auginents, until at length a 
very noti('eahlc oj)och is attained, which is, in one sens(\ a 
culminating ])oint in the career of the moon. At this e])Och 
tlic n^volution periods of the moon, when measured in rotation 
periods of the earth, attain their greatest A^alue. It would 
seem that the month was then twenty-niiie days. It is not, 
of course, iiieant that the month and the day at that (‘poc.li 
Avere the month and the day as our clocks now nu'asure 
time. lloth Avere shorter then than noAV. Ihit Avhat Ave 
mean is, that at this epoch the earth rotated tAventy-nine 
times on its axis Avliile the moon completed one cinuiit. 

This epoch has iioav been passed. No attempt can be 
made at present to evaluate the date of that e])och in our 
ordinary units of measurement. At the same lime, howe\^er, 
]\o doubt can be entertained as to the immeasu rouble 
antiipiity of the event, in comparison Avith all historic 
records ; but Avhether it is to be reckoned in hundreds of 
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thoUfSiinds of years, in millions of years, or in lens of 
millions of years, must be loft in groat dogroo to conjecture. 

This remarkable epoch once passed, wo tind that the 
course of events in the earth-moon system begins to shape 
itself towards that remarkable final stage which has points of 
resemblance to the initial stage. The moon still continues to 
revolve in an orbit with a diameter steadily, though very 
slowly, growing, 'flie hiiigth of the monlli is accordingly 
increasing, and the rotation of the earth being still constantly 
retarded, the length of the day is also (iontinually growing. 
Hut the ratio of the length of the month to the length of 
the day now exhibits a (diange. 'I'hat ratio had gradually 
increased, from unity at the conmiencement, up to the 
maximum value of somewhere about tw(‘nly-nine at the 
opo(^h just referred to. The ratio now begins again to 
decline, until wo find tlie earth makes only twenty-eight 
rotations, instead of twenty-nine, in one revolution of the 
moon. The do(}rcasc in the ratio continues until the number 
twenty-seven expresses the days in the month. Here, again, 
we have an C[)och which it is impossibl(‘. for us to pass 
without spe(dal comment. In all that has hitherto been 
said we have been dealing with events in the distant past; 
and we have at length arrived at the present st,at(‘ of the 
carth-nioon system. The days at this e])Och are our avi'II- 
known days, the mouth is the Avell-known period of the 
n^volution of our moon. At the present time the month is 
about twenty-seven of our days, and this nhition has 
ixauaim'd sensibly true for thousands of years past. It will 
continue to remain sensibly true for thousands of years to 
couK', but it will not remain true indefinitely. It is merely' 
a stage in this grand transformation; it may possess the 
attributes of ])ermanencc to our ejhemeral vi(;w, just as the 
wings of a gnat seem at rest when illuminated by the 
electric spark ; but when wo contemjdate the history with 
time. conception's sufiiciently ample for astronomy we realise 
how the present condition of the earth-moon .system can 
have *110 greater permanence than any other stage in tlio 
history. 

J J 
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Our narrative must, however, now assume a different 
form. We have been speaking of the past; we have been 
condiutted to the present ; can wo say anything of the 

future ? Here, again, the tides come to our assistance. Tf 

we have rightly e.oinprehended the truth of dynainies (and 
who is there now that can doubt them ?), we shall be 

enabled to make a forecast of the further changes of the 

earth-moon system. Tf there be no interruption from any 
external soure.o at present unknown to ns, we can predict — 
in outline, at all events — the subse(}uent career of the moon. 
We can se(j how the inoon will still follow its outward 
course. The path in whicTi it revolves will grow Avith 
extreme slowness, but yet it Avill ahvays grow; the ])rogress 
will not be reversed, at all events, before the final stage of 
our history has b(‘en attained. We shall not now delay to 
dwell on the intervening stages; we Avill rather attempt to 
sketch the ultimate typo to Avhich our system tends. Tn 
the dim future — countless millions of years to come — this 
final stage Avill bo approa(thed. The ratio of the month to 
the (lay, whose dcc^line Ave have already referred to, Avill 
continue to decliiu'. The period of revolution of the mcAon 
Avill grow longer and longer, but the length of the day Avill 
increase mu(di more ra])idly than the increase in the duration 
of the moon’s period. From the immth of tAA'Cnty- seven days 
Ave shall ])ass to a month of tAventy-six days, and so (m, 
until Ave shall reach a month (Af ten days, and, finally, a 
month of one day. 

Let us clearly understand what avo mean by a month of 
one day. We moan that the time in which the moon 
revolves around the earth Avill be e(|ual to the time in Avhich 
the earth rotates around its axi.s. The length of this day 
Avill, of course, be vastly greater than our day. The only 
element of uiKX'rtainty in these (aupiiries arises Avhen avo 
attcuipt to give numerical accuracy to the statements. It 
seems to be as tTi*ue as the laAvs of dynamujs that a state 
of the earth-moon system in Avhic.h the day and the month 
are equal must be ultimately attained ; but Avhon Ave attempt 
to state the length of that day Ave introduce a hazardous 



THE TIDES. 


547 


element into the enquiry. In giving any estimate of its 
length, it must be understood that the magnitude is stated 
with great reserve. It may be erroneous to some extent, 
though, perha])S, not to any (ionsiderable amount. The length 
ot this great day would seem to be about 0 ([ual to lUty-seveii 
ot our days. In other words, at some ('riti(‘al time in the 
excessively distant future, the earth Avill take something like 
1,400 hours to ])erfonn a. rotation, whik; tin* moon will 
complete its journey precisely in the same time. 

\Vf^ thus see how, in sonu^ respects, the first stage of the 
earth-moon system and the last stagi^ r(‘S(Mid>]e (‘ach other. 
In each case we have the day equal to i1h'- month. In the 
lirst case the day ai\d the month were only a small fraction 
of our day; in the last stage the day and the month are 
each a largo multiple of our day. There is, however, a 
profound contrast between th<‘ first <‘.riti<'al epoch and the 
last. Wo have already mentioned that the (ii*st, (‘])och was 
one of unstability — it could not last ; but this sc(‘on(l slate is 
one of dynamical stability. ()nc(i that state has Ix^en 
acquired, It would be permanent, and would endure for ev(T 
if the earth and the moon (andd be isolated from all 
external interfere! lee. 

There is one special feature Avhich characterises the 
movement when the month is equal to the day. A little 
reflection will show that when this is the case the earth 
must constantly dire(4. the saiiie far(‘ towards the moon. If 
the day b(i e([ual to tlie montli, lh(.‘n the earth and moon 
must revolve togetlua’, as if bound by invisible bands; and 
whatever hemisphere of the earth be directed to tlu^ moon 
when this state) of things commenc(‘S will remain tluTC so 
long as the day remains ecpial to the month. 

At this |ioint it is hardly possibk? to escape being 
reminded of that charact(‘ristic feature of the moon’s motion 
which ha^ been observed from all anticpiity. Wo refer, of 
course, to the* fact that the moon at the j^resent time 
constantly turns the same face to the earth. 

It is incund^ent upon astronomers to provide a physical 
explanation of this remarkable fact. The moon revolves 
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around our earth once in a definite number of seconds. If 
the moon always turns the sfime face to the earth, then it 
is demonstrated that the moon rotates on its axis once in 
the same number of seconds also. Now, this would be a 
coincidence wildly improbable unless there were some 
physical cause to account for it. We have not far to seek 
for a cause : the tides on the moon have produced the 
phenomenon. We now find the moon has a rugged surface, 
which testifies to the existence of intense volcanic activity in 
former times. Those volcanoes are now silent — the internal 
fires in the moon seem to have become exhausted ; but there 
was a time when the moon must have been a heated and 
sorni-molten mass. There was a time when the materials of 
the moon were so hot as to be soft and yielding, and in 
that soft and yielding mass the attraction of our earth 
excited great tides. We have no historical record of these 
tides (they were long anterior to the existence of telescopes, 
they Avere probably long anterior to the existence of the 
human race), but Ave know that these tides once existed by the 
Avork they have accomplished, and that Avork is seen to-day 
in the constant face Avhich the moon turns toAvards the earth. 
The gentle rise and fall of the o(;eans Avhich form our tides 
present a picture Avidely different from the tides by Avhich 
the moon was once agitated. Tlic tides on the moon Avere 
vastly greater than those of the earth. They Avore greater 
because the Aveight of the earth is greater than that of the 
moon, so that the earth Avas able to produce much more 
powerful tides in the moon than the moon has ever been able 
to raise on the earth. 

That the moon should bend the same face to the earth 
depends immediately upon the condition that the moon shall 
rotate on its axis in precisely the same period as that Avhich 
it requires to revolve around the earth. The tides arc a 
regulating poAvor of unremitting efficiency to ensure that this 
condition shall be observed. If the moon rotated more {Slowly 
than it ought, then the great lava tides Avould drag the moon 
round faster and faster until it attained the desired A^clocity; 
and then, but not till then^ they AA^ould give the moon peace. 
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Or if the moon were to rotate faster on its axis than in its 
orbit, again the tides would come furiously into play ; but this 
time they would be engaged in retarding the moon’s rotation, 
until they had reduced the speed of the moon to one rotation 
for each revolution. 

Can the moon ever escape from the thraldom of the tides ? 
This is not very easy to answer, but it seems perliaps not 
impossible that the moon may, at some future time, be frecMl 
from tidal control. It is, indeed, obvious that the tides, even 
at pre^scnt, have not the extremely stringent control over tlio 
moon which tlujy once exercised. We now see no ocean on 
the moon, nor do the volcanoes show any tra(*e of molten 
lava. There can hardly bo tid(5s on the moon, but there may 
be tides in the moon. It may be that the int(a-ior ol the 
moon is still hot enough to retain an appreciable dt'gree 
of fluidity, and if so, the tidal control would still rcitain 
the moon in its grip; but the time will probably (jome, it 
it have not come already, when the moon will bo (Jold to the 
centre— cold as the temperature of space. 11 the mabalals of 
the moon were what a mathematician would call absolutely 
rigid, there can be no doubt that the tides (;ould no longc'T 
exist, and the moon would be emancipated from tidal control. 
It seems impossible to predicate how tar the moon can ever 
conform to the circumstances of an actual rigid body, lait it 
may be conceivable that at some future time the tidal control 
shall have practi<*ally ceasc.'d. There would then be no longer 
any necessary identity between the period ot rotation and that 
of revolution. A gleam of hope is thus projccU'd over the 
astronomy of the distant future. We know that the time of 
revolution of the moon is increasing, and so long as the tidal 
governor could act, the time of rotation must increase sym- 
pathetically. have now surmised a state of things in 

which tl)e control is absent. There will then be nothing to 
prevent the rotation remaining as at present, while the period 
of revolution is* increasing. Tlie privilege of seeing the other 
side of the moon, which has been withheld from all prcjvious 
astronomers, may thus in the distant future be granted to 
their successors. 
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The tides which the moon rjiisc's in the earth act as a 
>)rako on the rotation of the earth. They now constantly tend 
to bring the period of rotation of the oartli to coincide with 
the period of revolution of the moon. As the moon revolves 
once in twenty-seven days, the earth is at present going too 
last, and conse(|uent]y the tidal control at the present moment 
endeavours to i-elnrd tlie rotation of the earth. The rotation 
ot the moon long since succumbed to tidal control, but that 
was because the moon was comparatively small and the tidal 
pow(‘r of the earth was enormous. Hut this is the opposite 
case. The earth is large and more massive than the moon, 
the tides raised by the moon are but small and W('ak, and 
the earth has not yet completely succumbed to the tidal 
action. Hut tlic tides are constant, they lu^ver for an instant 
rela.x the (dlbrt to (!onti*ol, and tiny ai'o gradually tending to 
render the day and the month coincident,, though the progress 
is a, very slow one. 

The theory of the tides loads us to look forward to a remote 
state of things, in which the moon revolves around the earth 
in a period e<jual to the day, so that the two laxlies shall 
<‘,onslantly bend the same face to each other, provided the 
tidal control be still able to guide the moon’s rotation. So 
far as the mutual action of the earth and the moon is 
concerned, such an arrangcnaait possesses all the attributes 
of permanence. If, however, Ave A^enture to ])roject our view 
to a still more remote future, Ave can discern an external cause 
whi('h must ])rcA-cnt this mutual accommodation betAveen the 
earth and the irioon from Ixiing eternal. The tides raised 
by the moon on the earth are so much greater than those 
raised by the sun, that avo have, in the course of our previous 
reasoning, lu^ld little account of the sun-raised tides. This is 
obviously only an a])proximatc method of dealing Avith the 
ijuestion. The influence of the solar tide is appreciable, and 
its importance relatiAady to the lunar tide Avill gradually iiKjrease 
as the earth and moon approach tlio linal critical stage. The 
solar tides will have the eliect of constantly applying a further 
brake to the rotation of the earth. It Avill therefore follow that, 
after the day and the montli luwe become equal, a still further 
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retardation awaits tlic loni^^tli of tlic day. We thus see that 
in the remote luliire wo shall find the moon revolviiii^ around 
the earth in a shorter time than that in which the earth rotates 
on its axis. 

A most, instructive corroboration of tlu's(* views is ailorded 
by the discovery of the satellites of Mai-s. The planet Mars 
is one of the smaller members of our system. Tt has a mass 
Avhich is only the eighth part of th<^ mass of the earth. A 
small planet like Mars has miu'h less energy of rotation to 
bo destroyed than a larg(*r one like th(^ earth. It may there- 
fore 1)0 expected that the small })lanet will proceed miudi 
more rapidly in its evolution than tla^ Iarg(' one ; we might, 
tlK'-refore, anticipate that Mars and his satelliti's have attaimul 
a more advanced stage of their history than is the case with 
the earth and her satellite. 

Wh(m the (lis(a)vcry of the satellites of Mars startled the 
world, in ]<S77, there was iio foatnro whicdi cr(‘at(‘(l so much 
amazement, as the periodu*. time of the interior .satellite. Wo 
have already ])ointx)d out in Chapter X. how J‘hohos r(‘\’olves 
around ^lars in a jx'riod of 7 hours Ilf) minutes. The ])eriod 
of rotation of Mars himself is 24 laairs :17 minutes, and hence 
we have the fact, unparalleled in the solar system, that the 
satellite is actually revolving three times as ra.j)i(lly as the 
plaiK't is rotating. There can hardly be a doubt that, the solar 
tides on Mars have abated its velocity of rotation in the maniKU' 
just suggested. 

It has always seemed to mi', that the matter just, riderrcd 
to is one of the most iiiteresting and instruetivi* in t.hii whole 
history of astronomy. We have, first,, a very beautiful tele- 
S(!opic discovery of the Jiiimite satellites of .Mars, and w(‘ have 
a determination of the anomalous movement of one of them. 
We have then found a satisfaiitory ])h 3 ^si('al explanation of 
the cause of this phenomenon, and we have', shown it to he 
a striking instance of tidal evolution. Finally, wo have seen 
that tlic system of Mars and his satellite is really a foriaaist 
of the destiny which, after the lapse of ages, awaits the earth- 
moon system. 

It seems natural to enquire how far the intiuence of tides 
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can have contributed towards moulding the planetary orbits. 
The circuiustances are here very ditterent from those we have 
eiKiountered in the earth-iiioon system. Let us first enunciate 
the problem in a dijfinite shape. The solar system consists 
ot* the sun in the centre, and of the planets revolving arouuvl 
the sun. These planets rotate on their axes; and circulating 
round some of the ])lancts we have tlicir systems ot' satellites. 
For sim])licity, we may suppose all the planets and their 
satellites to revolve in the same plane, and the planets to 
rotate about axes whi(jh are perpendicular to that plane. In 
the study of tin; theory of tidal evolution Ave must be n’iainly 
guided by a profound dynamical principle known as the 
conservation of the “moment of momentum.” The proof of 
this great principle is not here at tempted ; suffice it to say 
that it can bo strictly deduced from the laws of motion, and 
is thus only second in certainty to the fundamental truths 
of ordinary geometry or of algebra. Take, for instance, the 
giant plaiK't, Jupiter. In one second he moves around the 
sun through a certain angle. If Ave multi[)ly the mass of 
Ju[)iter by that angle, and if Ave then multiply the product 
by the square of the distance from Ju])iter to the sun, Ave 
obtain a ('crtain definite amount. A mathematician calls this 
quantity the “ orbital ” moment of momentum of Jiqnter.* In 
the same way, if Ave multiply the mass of Saturn by the angle 
through which the planet moves in one second, and this product 
by the sejuare of the distance between the planet and the sun, 
then we have the orbit al moment of momentum of Saturn. In 
a similar manner Ave ascertain the moment of momentum for 
each of the other planets due to revolution around the sun. 
We have also to define the moment of momentum of the 
planets around their axes. In one second Jupiter rotates 


* Having derided upon the units of mass, of angle, and of distance which 
we intend to use for measuring these quantities, then any mass, or angle, or 
distance is exprcss(‘d hy a certain detinitc number. Thus if we take the mass 
of the earth as the unittof mass, the angle through whiejy it moves in a 
second as the unit of angle, and its distance from the sun as the unit of 
distance, we shall find that the similar quantities for Jupiter are expressed by 
the num':)ors 310, 0 0843, and 5*2 respectively. Hence its orbital moment of 
momentuiii is 31G x 0 0813 x (5-2)-. 
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through a certain angle ; we multiply that angle liy the mass 
of Jupiter, ami by the S(|uare ot a certain line which depeiuls 
on his internal (ienstitution : the product Ibnus the “rota- 
tional” moi]ient. of* momentum. In a similar manner we 
find the rotational moment of* momentum Ibi* eac-h of the 
other planets. Each satellite revolves through a certain 
angle around its primary in one second; we obtain the 
moment ot‘ momentum of eacli satellite by multiplying its 
mass into the angle desciribed in oik^ sec-ond, and tlien multi- 
plying the product into the s([uaro of* the distance of* the 
satellite tVom its primaiy. Finally, we compute the moment 
of momentum of the sun dm'- to its rotation. This we 
obtain by nudtiplying tln^ angle through which the sun 
turns in one second by the whole jiiass of the sun, and then 
multiplying the prodiK't by tln^ S([uare of a c(‘rtain line of 
])rodigious length, W’hich depends u[)on the details of the 
sun's internal structure. 

If we hav(^ succe(Mlod in explaining what is na'ant by the 
Tuomcnt. of momentum, then the statement of the groat law 
is comparatively simple. We are, in the first plac(‘, to 
observe that the moment of mom<*ntum of any planet- may 
alter. It would alt(‘r if the distance of the ])lanet front the 
sun changed, or if the velocity with which the ]>lanet rotates 
upon its axis (dianged ; so, too, the moment of momentum 

of tlie sun may change, and so may those of the sabhites. 

In the beginning a (xu’tain total (plant ity of moment of 
momentum Avas communi(aU(3d to our Systran, and not one 
parti(‘le of that total can the solar system, as a whole, 
s(juander or aliimato. Xo mall(.‘r Avhat be the mutual 
actions of the various bodi(\s of tlie system, no matter Avhat 
perturbations they may undergo — what tides may be pro- 
duced, or even Avhat mutual collisions may occur- — the grcjat 
law of the exmservat ion of moment of momentum must 
be obeyed. If sonic bodies in the solar system be losing 
nuAnent of momentum, then other bodi(‘S in the system 

must be gaining, so that tlio total (piantity shall remain 
unaltert^d. This cimskh^ration is ono of supnane importanc.e 
‘ill connection Avith the tides. The distribution of moment 
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of inoHicntuin in the system is being continually altered by 
the tides ; but, however the tides may ebb or' flow, the total 
moment of momentum can never alter so long as influences 
external to the system are absent. 

We must here ])(jint out the contrast ])elween the imdow- 
ment of our system with energy and with moment of 
momentum. The mutual actions of our system, in so far 
as they prodiK'e heat, tend to squander the energy, a con- 
siderable part; of which can be thus dissipated and lost; but 
the nuitual actions have no power of dissipating the moment 
of momentum. 

The totid nioinent of jiiomentum of the solar system 
being taken to l)e 100, this is at present disti-ibuted as 
follows : — 


Orbital moment of momentum of Ju]>iter (to 

„ „ Saturn 2Ar 

„ „ ITanu-s (> 

„ „ Xoptuue 8 

liotational moment of momentum of Sun 2 


too 

The contributions of the other items are excessively 
minute. The orbital moments of momentum of the few 
interior planets contain but little more than one thousandth 
])art of the total amount. The rotational contributions of 
all the planets and of their satellites is A’cry much less, being 
not more than one sixty-thousandth part of the whole. 
When, therefore, we are studying the gx'iieral effects of tides 
on the planetary orbits these trifling matters may 1)0 over- 
looked. AVe shall, however, find it desirable to narrow the 
(piestion still more, and concentrate our attention on one 
splendid illustration. J^et us take the sun and the planet 
Jupiter, and, supposing all other bodies of our system to 
be absent, let us disemss the influence of tides ])roduccd in 
Jupiter by the sun, ilnd of tides in the sun by Jupiter. • 

It might be hastily thought that, just as the moon was 
born of the earth, so the planets were born of the sun, and 
have gradually receded by tides into their present condition. • 
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We have the means of enquiry into this question by the 
figures just given, and we shall show that it is impossible 
that Jupiter, or any of the other planets, ean ever have 
been very iniieh closer to the sun tlian they are at present. 
In the case of Jupiter and the sun we have tlio moment 
of momentum made up of three items, lly far the largest 
of these items is due to tlie orbital revolution of Jupiter,, 
the next is due to the sun, the third is due to the rotation 
of Jupiter on its axis. We may put tliem in round numbers 
as follows : — 

Orbital moniciit of momentuin of Jupiter ... 000,000 

Jlotatioiial „ „ Sun 20,000 

„ „ „ Jupiter ... 12 

The sun produe.es tides in Jupiter, llioso tides retard the 
rotation of Jupitei-. Jdiey make Jupiter i’(;tate more and 
more slowl}^ therefore the moimuit of momentnm of Jupiter 
is decreasing, therefore its pres(‘nt value of 12 must 1)0 
decr('asing. Even tlie mighty sun himscJl' may he distracted 
by tides. Jupiter raises tides in tlu? sun, llmse tides retard 
the motion of the sun, and therefore the moment of 
momentnm of tlic sun is decreasing, and it follows iVom 
botb causes that the item of 000, 000 must ho iia reasing; in 
other Avords, the orbital motion of rinpiter must inc-roasing, 
or Jupiter must l)e receding from the sim. To this extent, 
therefore, the sun-Jupiter sysUan is analogous to the earth- 
moon system. As the tid(‘s on the earth arc driving aAvay 
the moon, so the tides in Jupiter and th<! sun are gradually 
driving the two bo(li(‘s apart. Hut there is a profound 
difference between the two eases. It can bo ])roved that the 
tides produced in Jupiter by the sun are more effective tbau 
those produced in the .sun hy Jupiter. J he eontrihution ot 
the sun may, therefore, be at present omitud ; so that, 
practically, the augmentatirms of the orbital mouKint of 
momentum of Jupiter are now af.'hieved at the expense of 
that stored u]) hy Jupiter’s rotation. Ihit Avhat is 12 
compared Avith GOO, 000. Even Avhen the whole of Ju])iter’s 
» rotational moinciit of monicntuiii and that of his satellites 
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has become absorbed into the orbital motion, there will 
hardly be an appreciable diflerence in the latter. In ancient 
days wo may indeed suppose that Jupiter being liotter was 
larger than at present, and that he had considerably more 
rotational moment of momentum. But it is hardly credible 
that Jupiter can ever have had one hundred times the 
moment of inomcntum that he has at present. Yet even if 
1,200 units of rotational momentum had been transferred to 
the orbital motion it would only correspond with the Tuost 
trivial dillbrence in the distance of Jupiter from the^ sun. 
We are heiKJe assured that the tides have not aj^preciably 
altered the dimensions of the orbit of Jupiter, or of the other 
great planets. 

The time will, however, come when the rotation of Ju])iter 
on his axis will bo gradually abated by the inlluence of the 
tides. It will then be found that the moment of momentum 
of the sun’s rotation will bo gradually expended in increasing 
the orbits of the planets, but as this reserve only holds about 
two ])er cent, of the whole amount in our system it cannot 
prodiK.'.e any considerable elVect. 

The theory of tidal evolution, which in the hands of 
Professor Darwin has taught us so much with regard to the 
past history of the systems of satellites in the solar system, 
Avill doubtless also, as pointed out by Dr. See, be found to 
account for the highly eccentric orbits of double star systems. 
In the earth-moon system we have two bodies exceedingly 
different in bulk, the mass of the earth being about eighty 
times as great as that of the moon. But in the case of 
most double stars we have to do wdth two bodies not very 
different as regards mass. It can be demonstrated that the 
orbit must have been originally of slight eccentricity, but 
that tidal friction is capable not only of extending, but 
also of elongating it. The accelerating force is vastly 
greater at periastron (when the two bodies are nearest each 
other) than at apastron (when their distance is greatest). At 
periastron the disturbing force Avill, therefore, increase the 
apastron distance by an enormous amount, while at apastron 
it increases the periastron distance by a very small amount. 
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Thus, while tlie ellipse is being guidually ex])anded, the orbit 
grows more and more eccentric, until the axial rotations have 
been sufficiently reduced by the transfer of axial to orbital 
moment of momentum. 

And now we must draw this chapter to a close, though 
there arc many otlicr subjects that might bo included. Tlie 
theory of tidal evolution is, indeed, one of quite ex(;('ptionaI 
interest. The earlier mathematicians expended their labour 
on the determination of the dynamics of a system which 
(jonsjstcd of rigid bodies. We ani indcljted to (iontemporary 
mathemati(iians for opening up celestial nuichanics u})on the 
more real supposition that the bodies arc not rigid ; in other 
words, that they are subject to tides. The mathematical 
diiliculties are enormously enhanced, but tlie problem is more 
true to nature, and has already led to sonu^ of the most 
remarkable astronomical discoveries made in modern times. 

Our Story of tlie Ifoavcns has now been told. We 
commenced this work with some account of the me(jhanical 
and optical aids to astronomy; we have (aided it with a 
brief description of an intelkctual ^ method of reseaixth whi(ih 
nivcals some of the celestial phenouKjna that octairred ages 
before the human race existed. We hav(^ spoken of those 
objec!ts Avhicdi are comparatively near to us, and then, step 
by step, we have advanced to the distant nebuke and clusters 
which seem to lie on the confines of the visible universe. 
Yet how little can we sec with even our gr(‘atest teIcscop(\s, 
when comjiaiTd with the whole extent of infinite siiace! No 
matter how vast may be the dejith whi(;h our instrimumts 
have soimded, there is yet a l)oyond of infinite extent. 
In uxgiiio a mighty globe dcsovihofl in sjtacc, a globe ot sucli 
stupendous dimensions that it shall imrludc the sun and bis 
system, all the stars and iiebuLo, and oven all the objects 
which our finite capacities can imagiiK'. ^'ct, what i-atio must 
the volume t)t' this great globe bear to the whole extent of 
infinite space? The ratio is infinitely less than that which 
the water in a single drop ot dew hears to the Avater in the 
» Avhole Atlantic Ocean. 
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The Sun. 

The sun’s ineari distance from the earth is 92,000,000 miles ; his diameter 
is S()(j,000 miles; his mean density, as compared with water, is 1*4; his 
ellipticity is insensible ; he rotates on his axis in a period between 25 
and 2(5 days. 

The Moon. 

Idle moon’s mean distance from the earth is 239,000 miles. The 
diameter of the moon is 2,1(50 miles ; and lier mean density, as compari;d 
with water, is 3*5. The time of a revolution around the earth is 27*322 
days. 


The Planets. 



Distanc 

0 from the 

Sun in 


Mean 

Diameter 


DiMisity 


Millions of Milc.s. 

Periodic 

Time 

Axial Rotation. 

com- 

pared 


Mean. 

Least. 

Greatest. 

in Days. 

Mdes. 


with 

Water. 

Mercury. . 

3(5*0 

28*6 

43*3 

87*9(59 

3,030 

88 days 

6*85(?) 

Venus . . 

(57*2 

6(5 *6 

(57*5 

224*70 

7,700 

225 days 

4*85 

Earth . . 

92*9 

91*1 

91*6 

3(55*26 

7,918 

23 56 4*09 

5*58 

Mars . . . 

Ml 

128 

155 

686*98 

4,2.30 

24 .37 22*7 

401 

Jujnter . . 

483 

4.59 

505 

4,332*6 

86,5(X1 

9 55 — 

r.38 

Saturn . . 

88(5 

834 

936 

10,7.59 

71,000 

10 14 — 

0-72 

Uranus . . 

: 1,782 

1,700 

1,860 

30,687 

31,900 

IUnknown 

1*22 

Neptune. . 

2,792 

i 

2,760 

2,810 

60,127 

34,8(X) 

Unknown 

1*11 


'PiiE Satellite.s of Maks. 



Mean Distance from Centre 

Periodic Time. 

Name. 

of Mars. 

hrs. 

mins. *'secs. 

Phobos ... 

... 5,800 miles 

7 

39 14 

Deimoa ... 

14.500 „ 

... 30 

17 54 
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The Satellites of Jupiter. 


Mean Distance from Centre Periodic Time. 


Name. of Jupiter. 

New inner Satellite 

ilays-. 

hrs. 

mins. 

SC<‘S. 

J Barnard 

112,500 miles 

0 

11 

57 

22 

1. 

2()1,0(K) „ 

1 

IS 

27 

;i4 

II. 

415,000 „ 

:i 

i:i 

i:i 

42 

nr. 

004,000 „ 

7 


42 


IV. 

1,107,000 „ 

10 

i() 

:i2 

ii 


The Satellites of Saturn. 


Nam^. 

Mean Distance from Centre 
of Saturn. 

«la.vs. 

rerio<li(* 

Ill’s. 

Time. 

mins. 

secs. 

Mimas 

115,000 miles 

0 

22 

37 

0 

Enccladus 

148,000 „ 

1 

8 

53 

7 

Tethys 

183,0tH) „ 

1 

21 

18 

20 

Dione 

255,000 „ 

2 

17 

41 

9 

Khea 

521),(M30 „ 

4 

12 

25 

12 

Titan 

700, (XM) „ 

15 

22 

41 

27 

Hyperion... 

921, (XM) „ 

21 

0 

38 

31 

lapetus ... 

2,215,000 „ 

7!) 

7 

50 

40 


The Satellites of Uranus. 



Moan Di.stanee from Centro 


Perioilie 

Tiim*. 


Name. 

of 1 Inin ns. 

ilavs. 

his. 

mins. 

sees. 

Ariel 

... n9,0(X) miles 

2 

12 

29 

21 

Umbriel ... 

100,000 „ 

4 

3 

27 

37 

Titan ia ... 

272, (K)o „ 

8 

10 

50 

30 

Oberon ... 

304,000 „ 

13 

11 

7 

0 


The Satellite of Neptune 






Mean Distance from Centre 


Perioilie 

Time. 


Name. 

of Neptune. 

days. 

hrs. 

mins. 

sees. 

Satellite ... 

... 220,000 miles 

5 

21 

2 

44 




> A 

Aborration of ;)03-r)l‘2; 

ai»<l tlu5 appanuit niovoii’anls 
of stars, .'■>04, 507 ; lirudU'y’s^ 
discoveries, 503 ; causes, 
507-511 ; circles of stais, 
505-507 ; d()})i*iideiit uintii 
the Nolocity of ]if^ht, 511 ; 
ciruc.t oil Draco, 505; teles- 
copic investif'Htion, 510 
Achromatic combination of 
{^lasses, 1 1 

Adams, I’rofossor d. C., and 
the discovmy of Noptnne, 
324-327, 330-3:{2 ; aiul the. 
Ellipse of the Leonids, 
;iS0 

Aerolite, the Chaco, 30S ; th<‘ 

Orgneil, 300 
Airy, .Sir (xeorge, 325 
AUsin Mount Meteorites, the, 
30.3 

Alcor, 438 

Aldebaran, 20l», llH, 410 ; spee- 
trninof, 480 ; value of velocity 
of, 484 

Al^ml, 485, 487 
Alimii'est, the, 7 
Alphoiisus, 02 

Alps, the great valley of th«! 

(lunar), 88 
Altair, 424 

Aluminium in the Sun, 50 
Aneienis, astronomy (d th(i, 
2 7 

Andrews, Profe.ssor, ami ha-sil- 
tie formation at (liant’sCause,- 
way, 407 

Aiidroniedfi, 414 ; md>ula in, 
4U!i, 480 

Androniedes, The, sdiootingslar 
showe.r, ami lliela’s eoim t, 
300 

Antares, 423 
Apennines (lunar), 83 
Aphelion, 103 
Atiuarins, 215, 413 
Aqnila, or the Eagle, 424 
Arago, 320 
Arcliiniedes, 08 

Aretiu^ns, 3.58, 480 ; ^ alue of 
veloeity of, 484 

Argelander’s Catalogue of Stans, 
431, ^70 
Argn.s, 481 
Aried, 300, 5.50 
Aristarchus, 00 

K K 
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Ari.stillns, ss 

Aristotle, lunar crater named 
alter him, 88 ; e.redulity re- 
speeting his writings, 2«57 ; 
the Moon and the tides and, 
535 

Asteroiils, 220 211 
Aslrea, 328 

Astronomers of Nineveh, 1.50 
Astronomical «iiiantifie.s, .5.58 
Astioijoniy, ancient, 2-7 ; Dali- 
leo’s ai'hievemeiits in, 10 ; the 
first pheiiomemm «*f. 2 
Atlunufum., tlie, and Sir .John 
Ilcr.s<*h»Ts hater on Adams’s 
share in flu? di.seovery of 
N'eptnne, .330 

Atmosphere, height of the 
Earth’s, KK) 

Attiaction, hetwemi the Moon 
and the Earth, 75 ; between 
the planets, 148 ; between the, 
.Sun and the planets, 144, 118 ; 
of Jupiter, 248, 240 ; prodiie- 
ing prec(*ssion, 408 
Amiga, 411, 480 
Aurora borealis, 42 
Aulolyeus, 88 

Au wers,^ and star «listanecs, 440 ; 
and the irregularity in move- 
ment of Sirius, 427 
Axis, rolar, 100, 407 ; preei^ssion 
and nutatioii of the Earth’.s, 
402-502 


n 

Ihieklnnd, and Kneke’s comet, 
:!40, 3.51 

Harnard, Professor E. E., and 
.Saturn, 271, 278, 282 ; and 
Titan, 204 ; and the comet of 
1802, 3.5.5 ; and the Milky 
Way. 47.5 
Beeliive, the, 422 
l3cl()polskv, M., and Binaries, 
487, 488' 

Benares nietemite, the, 302 
Ijessel. and Bradley, .501 ; ami 
Die di>t;ujce of 01 Cygni, 440, 
448, 440 ; and the di.stanees of 
stars. 442 ; and the irregular 
movements of Sirius, 420 ; 
receives gold medal ol I loyal 
Astronomical Socie.ty, 442 
Bctel-enze, 200, 418, 410, 482 ; 

value of velncitv of, 484 
Biela's comet, and Sir Joint 


I ITersehel,357 ; ami the Amlro- 
im'tles, 300 

Binaries, speetroseopio, 4S7 
Binoenlar glass, 27 
Biot and the L’Aigle meteorites, 
.302 

Bodc’s law, 2.30 ; list of double 
st.irs, 135 

Bond, Professor, aiel Saturn's 
satellites, 200; aiid the nebula 
ill ( )rion, 100 ; and the third 
ring of Saturn, 280 
Bootes, 422 

Braiiley, ami nutal ion, 5U1 ; ami 
the aberration of liglit, 5u;; ; 
Ids observations of I'ranus, 
312 

Brediehin, Prolessor, and the 
talks ot comets, 305, .3(i0, 307 
Breiteiibaeh iron, tlie, 3‘i7 
Bristol Chamiel, tides in the, 
538 

Brniniow, l>r., observations on 
the paiallax of »>l (.‘ygni, 440 
Hm'idl It/ Si I' John Mnoi'i', 72 
Biirnhain, Mr., and iheorlat of 
.Sirius, 427 ; his aihlitions t«» 
till* known nnmher of donlih* 
stars, 430 

Butler, Bishop, and probahilil y, 

too 

Bntsnra meteorite, :ii»7 


(’ailminm in IheSiin, 50 
Calais, tides at, oO.ii 
Caleinm in tin* Sun, 50 
Camphell, Mr,, and Argus, l8l ; 

ami Mars, 223 
Cuiuil.s on Mar.s, -JJO 
Caiieii 20, 154 
Caneri, 154 
< 'ancri, 9, 154 
Canis major, 410 
Canopus, 422 
Cape < Hiservatorv, 27 
Capella, 114, 18o', 487 
I Carbon ife rolls period, 518 
Cardilf, tides at, .538 
Cas.sini, J. !)., and double stars, 
434 ; and .Saturn’* satellites, 
204 ; and the rings of .Saturn, 
278 

Cassioi»eia, 412 

Castor, 420,487 ; a binary star, 
437 ; revolution of, 437 
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THE STORY OF THE HEAVENS, 


Calalogiies of stars, 310, 311 ; 

Messier’s, 6‘JO 
Catliariiia, 1)2 

Centaiiri, a, 422 ; Dr, f/ill’s 
observations of, 451 ; Hender- 
son’s nieasiireinent of dis- 
tance of, 442, 451 
Ceres, 231, 232, 238 ; and 

nieteoiites, 404, 405 
Cluico meteorite, the, 308 
Chucornae, and tlie lunar 
crater Schickard, IK) 
Clutllf'u.ycr, the cruise of the, 
and niaj^mdic particles in the 
Atlantic, 4ns 

Challis, Professor, 320; his 
seal eh for Neptune, 327, 328, 
331, 332 

Chandler, Mr., jmd Algol, 48.5 
Charles's Wain, 28 
Chepstow, tides at, 538 
(3u!seaux, discoverer of comet 
of 1744, 307 

Chicago, t<des<'opo at Verk<*s 
Observatory, 10 
Chladni and the meleorite of 
Liberia, 31*2 

Chromium in the Sun, 50 
Chromosphere, tin*, 54 
Chronometers te.sted by the 
Moon, SO 

Clairaut and the attract ion 
of planets oil comets, 342, 
343 

Claviiis, 01 ; and Jujiiter's 
sati'llites, 207 
Clock, astronomical, 23 
Clusters, star, 401-401 
Cobalt in the Sun, 50 
Cog-ia’s comet, 1874, 337 
Colour of li};ht and iniiicatioii 
of its son ice, 40 
Colours, the seven primary, 45 
Columbiad, the, 401 
Columbus, 7 

Comets, 112, 140, 250, 330; 

and (he sp»‘Ct,roscope, 355 ; 
uttraelioii from ])lanets, 342, 
300 ; Hilda’s, 357 ; Hilda’s ami 
the Amlromeih’s, 300; Clair- 
aut’s investigations, 3-12, 343 ; 
(^ig;;iu's,:;37;Commoii’s(iS82). 
354; coniieetion of, with shoot- 
ing st.ir showeic, 388; coii- 
stilutiou of, 33r»; eoutaiiiiiig 
sodiuimiiid iron, 350; Donati’s 
(1858), 3-53, 358, 300 ; eccen- 
tricity «if, 300 ; Eiicke’s, 344- 
352; existence of carbon in, 
350, 307; gravitation and, 343, 
348 ; Halley’s investigations 
about, 341-344 ; head or nu- 
cleus of, 337 ; Lcxell’s, 370 ; 
mass of, 350 ; movements of, 
330 ; Newton’s erplaiiations 
i»f, 338 ; non-periodic, 353-351 ; 
of 1531, 341 ; of 1007, 3-41 ; of 
1081, 338, 330 ; of 1082, 341 ; 
of 1744 (Clteaeanx’s), 307 ; of 
1818, 346; of 1843, 352 ; of 
1800, 388; of 1874, 337; of 
1802, 355 ; origin of, 300 ; i>ara- 
bolic orbits of, 338-340, 300 ; 
periodic return of, 838-3 tl ; 
shape of, 330 ; .size of, 337 ; 
tailless, 370 ; tails of. 337, 301; 
llredichin’s researches, 305 ; j 


Cheseaux's, 307 ; coiiipo- 
sit ion of, 305, 309; conden- 
sation of, 309 ; electricity 
and, 308 ; gradual growth of, 
303 ; law of direction ot, 302 ; 
repelled by the Sun, 304 ; re- 
imlsive foree of, 304, 308 ; 
various types of, 305 ; Teb- 
bntt’s (1881), 353; tenuity of, 
357 

Common, Dr., constructin’ of 
reflectors, 21 ; and the coimd 
of 1882, 3.54 ; and the nebula 
in Orion, 409 

Cook, Captain, and the transit 
of Venus, 184 

Copeland, Dr., and Sehmidt’s 
star, 480 ; and tlie lunar 
crater, Tyelio, 02 ; and the 
sjiectra ot nebnhe, 473 ; and 
tlie t.raiisit of Venus, 180 
Coi«nnic.us and Mercury, 150 ; 
contirmution of Ids theory by 
the discovery of Jupiter’s 
.satellites, 207 ; his theory of 
astronomy, 7 ; lunar crater 
called after him, 80 
Copper ill the Hnn, 50 
f.’or .scurpioids, 4*23 
t'oruiia liorealis, -123, 488 
Corona of Sun, during an 
eclipse, 02-04, 151 
Coroiiium, 04 

C!otopaxi and metcorile.s, 401 
Crali, the, 422 

Cruliiree, and the transit of 
Venn.s, 180 

Crape ring of Saturn, 281 
Ciaters in the Moon, 83-85, 87- 
08 

Critical velocity, 103, 101, 237 
Crown, the, 4’23 
Cryptograph of lluyghens, the, 

Cygni, /3, 430 

Cygiil 01, aniinal ]iarallax of, 
450 ; IJesser.s measiireineiit of 
dist.aiice, of, 442, 440, 447 ’, 
Hrunnow’s observations of, 
440; disUince from the Sun 
of, 452 ; ilislurbing intluence 
of, 452 ; double, 440 ; Pro- 
fessor A. Hall’s measurement 
of, 440 ; Professor Pritidiard’s 
photographic, researches con- 
cerning, 440 ; proper motion 
of, 440 ; Strnve>» ol).servations 
of, 448, 440 ; velocity of, 452 
Cygniis, 424 
Cyrillus, 02 

Cysat, and the Belt of Orion, 
407 

D 

D line in .solar spectrum, 48 
Darwin, Professor G. !£., and 
tidal evolution, 531 
Daw es, Profe.s8or, and Saturn’s 
thinl ring, 281 

• Day, length of, and the Moon, 
542; and the tide.s, 541 
Deimos, 226, 558 
Denebola, 423 

Ditfraction, 60 * 

Dioiie, 559 

Dispersion of colours, 47 I 


Distances, astronomical, 558 
.550 

Dfierfel, and coinetK, 339 
Dog star (see Siriu.s) 

Dog, the Little, 4’20 
Donati’s comet, 3.53, 358 ; tails, 
300 

Double stars, 431-440 
1) Q, 2.30 

Draco, nebula in, 470 
Dragon, the, 415 
Draper, Professor, and the 
nebula in Orion, li'iO 
Dunsink Observatory, 12, 184, 
447, 449 

Dynamical stability, 547 ; the- 
ory of Newton, 21-4 
Dynamics and the Earih-Moon 
system, 540 

Dyuamics, Galileo the foundei 
of, 10 « 

E 

Eagle, the, 424 

Kartli, 'I’be, ancient ideas re- 
specting, 3; annual mo\e- 
ment of, and the apparent 
movement of the stars, 507, 
512; attraction of Jupiter, 
319; attraction of on Encke’s 
<*omet, 3.50 ; attraction of, on 
the Leonids, 380 ; attraction 
of Satin n, .319 ; attraction of 
the. Moon, 75, 497 ; attraction 
of the Sun, 49i» ; axial rotation 
of, 558 ; carboniferous period 
on, 518 ; eliange of climate on, 
518; composition of, 41K) ; 
eontaet nf atmosphere. of,with 
meteors, 377-379 ; demsity of, 
5.58 ; diameter oL 558 ; dis- 
tance of, from Mars, 213 ; 
distaiiee of, from tlie Moon, 
73, .558; distanee of, from the 
Sun, .31, 1 14, 184, 240, 20.5, 351, 
512, 558 ; energy from rota- 
tion of, 540 ; formerly a molten 
globe, 200, 201 ; geological 
record .s and, 517 ; glaeiaV 
period on, 518 ; gravitation 
and, 204, 200, 207, 497 ’, beat 
in the interior of, 94, 197, 198, 
251, 514 ; how it is measured, 
193-190 ; its ma.ss inerisisiiig 
owing to tlie fall of meteoric 
matter, 408 ; its oceans once. 
va])()ur, 251 ; once in imme- 
diate proximity to the Moon, 
542; orbit of, "l 14 ; orbit of, 
its elli])tic. form, 139 ; path of 
deranged by Venus ami Mars, 
319; i>eriodic time of, .5.58; 
plane of orbit of, 309; polar 
axis of, ItK). 49*2-.50’J); position 
of, relatively to the Sun and 
the Moon, 70, 77 ; iwocession 
and nutation of axis of, 492- 
.502 ; radius of, 193, 512 ; rota- 
tion of, 75, 190, 200, 494, 490 ; 
shap^ of, 192, 195, 1«7, 201, 
207 ; size of, com pared witli 
Jupiter, 119, and w’ith other 
pl.anet.s, 119 ; size and weight 
of, eomi>ared w itli thdae of the 
Sun, .30, and Moon, 74, 75 ; 
velocity of, 115, 139, 140, 512, 
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and periodic time, 143 ; vol- 
canic outl)r«aks on, 197, and 
the origin of meieorites, 405 ; 
weiglit of, 202, 24vS, as com- 
pared with Saturn, 271, 272 
Eartlnpiakes, astionomical in- 
strmneiits disturbed by, 21 
Eccentricit y of planetary ellip- 
ses, 130, 211 

Eclipse of Jiiiiiter’a satellites, 
2()1, 202, 205 -267 
Eclipse of the Moon, 77-00 ; of 
the Siui, 53 

Eclipses, ancient explanations 
of, 0; calculations of the re- 
currence of, 79, .so 
Ecliptic, the, 5, 233; Pole of 
the, 493, 500, 505 
Klect ric Light, t.he, 44 
Ellipse, the, 130; eccentricity 
of, 137; focus of, 137 ; Kepler’s 
discovenies respecting, 130, 
13<s, 142-144, 505; the form 
-vvliich the orbit of a planet 
takes, 130 ; the iiarallaetic, 
444 ; variety of form of, 130 
Enceladus, 559 

Encke, and tlie distance of tlie 
Kun fiom the. K.irtli, 147, 184; 
his comet, 341-352 
Encke’s comet, 344-352; ap- 
prriaeh to. Jupiter of, 310 ; and 
Mercury, 340; and the Sun, 
340 ; diminution in jteriodic: 
time of, 351 ; distance from 
Mercury of, 347 ; distnrberl 
by the Earth, .350, ami by 
Mercury, 318; irregulariticis 
of, 347, 351 ; orbit Of, 340; 
periodical return of, 351 ; Von 
Asteii’s calculations concern- 
ing, 349-3.50 

Energy sui)plying the tides, 539 
Ensisljeim meteorite, the, 303 
Ecpiatoiial diameter, 100,407; 

tehiscope, 14 
Eratosibene.s, .80 
Eros, 230 
Eruptions, 197 
“Evening star, 100, lt»0 
Eye, structure of the, 10 


I' 

Faculic of the Sun, 37 
Fire hall of ISO*.), 375 
Fire balls, ;J74 
“ Fixed ’* stars, 503 
Flamstcsed, first Astronomer- 
Koyal, 311 ; l.is IHstoria 
Cwle^tis, 311 

Focus of jdanetary ellipse, 
137-130 

Fomalhaut, 413 
Fraunhofer, 478 
Fraunhofer lines, 48 
Fundy, Hay of, tides in, 538 


Galileo, achievements of, 10 ; 
and Jupiter's satellites, 207 ; 
and Saturn's rings, 273, 274 ; 
and the Pleuules, 418 
galle. Dr., and Neptune, 328-330 


Gassendi, and the transit of 
Mercury, 1<>4; and the transit 
of Venus, 178 ; lunar crater 
named after him, 90 
Gauss, and the minor planet 
C’eres, 232 

Gemini, coiistellatiun of, 303, 
420 

Geminids, the, 4(M) 

Geologists ami the lapse of 
time, 4.53 

Gef)jneters, Oriental, 5 
Geometry, culti\atiou by the 
aneients of, 0 

Ge<irge IH.atid SirW. llersehcl, 
209, 300 

(Jiatit's Csiuseway, 107 
Gdl, Ur. 1) , 27 ; .ind .Juno, 213 ; 
and the Jiiinur planets, 242 ; 
and the parallax of aOntauri, 
451 ; ami the parallax of Mars, 
214 

Glacial pcriotl, 518 
Giavitalion, law of, 122-149 ; 
ami binary stars, 437 ; and 
precession, 497 ; and the 
Earth’s axis, 495, 497, 499 ; 
and the parabolic j»at.h of 
comets, 340 ; .‘ind thepcnt>di- 
cal return of comets, 343 ; ami 
the weight, of the Earth, 203, 
204 ; illnstnited by exp<ni- 
meiits, 123, 124, 127, 129-132; 
its dis«*overy aidecl by lunar 
observations, 108, 125; its 
intluence on the satellites, 
I4t>; its intlneiuo on stars, 
149 ; its inliueiKs; on ti<le.s, 
14t> ; Le V'errier’s triumphant 
proof of, 330; Newton's <lis. 
eoveries, 125, 120. 147 ; <»ii 
the Moon, 90; universality 
amongst the heavenly bodies, 
128, 373 

Great lhar, 27, 28, 241 ; eon- 
tlguration, 110; double shir in 
the, 438 ; positi.iii.s of, 409, 41 1 
Green, Mr., and Mars, 220 
Greenwicli Obser\atoiy, 20, 311 
Grittiths, Mr., and Jupiter, 252 
Griinahli, t>0 
Grubb, Kirllowaid, 14 
“ Guanls,” tlie, 412 
(iuHiver's Tniveh nwl the satel- 
lites of M;ir.s, 228 


If 

Had ley’s observations of. Sat;irii, 
2.82 

Hall, Profe.ssor -Asapli, and the 
sat(‘llitcs of Mars, 225 
Halley, and the jterioilicify of 
comets, 341-343 ; and the 
transit of Venus, l.sO 
Heat, hearings on nslronoiiiy, 
513 ; in the iiitciior of the 
Earth, 197-1 1»9, 511; of the 
.Sun, 515-520 
Ilelioinetcr, the, 243 
ITelium, 55 

Hmider.-'on, and the distance of 
a Centauri, 442, 451 
Hercules, star cluster in, 209, 
402 

HeivKlotus (lunar crater), 90 


Ilerschel, Caroline, 290, 405 
Hcrschel, .Sir John, address to 
Ih'itish Association, 328 ; 
address on the presentation 
of gold medal to Bessel, 44.3 ; 
and Biela's comet, 357 ; and 
iicbuhc, 104 ; letter to Aflica- 
O' urn on Aiiams’s sliare in the 
iliseovery of Neptune, 330 
Ilerschel, Sir W., ami double 
slui-s, 435, 43(1; iiiid Saturn, 
279 ; and S.atnrn’s satellites, 
295 ; and the Empress Cathe- 
rine, 301; ami tlr movement 
of solar system towards Lyra, 
457 ; discovery of .satellite of 
Uranus by, 30S, ;109 ; dis- 
covery of Uranus by, 305, 
30.8; early life of, 209 ; iViend- 
shil» with Sir \V. Watson of 
.*102; be, luaki’S liis own tide- 
scopes, 301; “ King’s Astron- 
omer, ” 307 ; metln m 1 of mak i iig 
bis 1cIescop(*s, 302; musical 
talent of, 209 ; organist of 
Octagon Cbapi‘1, Bath, 300 ’, 
])ardon for desert ion from 
George III., 29!> ; passion for 
astronomy of, .’100, .'101 ; re- 
limpiisbcs rniisicjil ]n’ofe.s- 
sion, 307; sidcrcfil aggrega- 
tion t heory of, .529 ; study 
of the ncbulii* by, ■104-405, 529 
Ilcrscludian telescope, 19 
Ulsfin'ia ('ii-lextis, 311 
Ifd iU, the, 414 

JIol lues’s, Mr., Comet (I.8t>2), 
:i55 

I llonocks. and the transit of 
i Venus, 170 

Howard, Mr., and the llenan's 
meteorite, 302 

Huggins, Sir W., 470, 4S3 ; and 
nchulie, 472 

Huvghens, and .Saturn’.s rings, 
27.5-27.8; discovers tlr.sf, .satel- 
lite of .Saturn, 20.3 
Hyades, the, 41 1* 

Hydrogen in Sirius and Vega, 
179 ; in the Sun, .50 
Ilygiims, 03 
Hyperion, 5.50 

f 

lapetiis, .550 
Iberians, the, 3 

i Impiisition, the, ami Galileo, 10 
I Iris, 242 

Iron, dust ill the Arctic regions, 
408; 'in the Sun, .50 ; of me- 
teorites, the, ;i90 ; .sjM.eti um 
of, 50 

J 

•Janssen, M., 34, 53 ; and tlie 
transit of Venn-., 177 
.Juno, 233, 238 

Jupiter, ancient fJ-iidy of, 0; 
ami tlie Leonids, ;1S0 ; attrac- 
tion of, 24S ; axi:il rotation of, 
558; belts of. 252; brilliane.y 
of, 257 ; eonipo.sif ion of, 2.50 ; 
covered with an fitmosplie.re 
of cloud. s, 25;i, 254 ; deij.sity 
of, 558 ; diameter of, 247, .558; 
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(listmicc fniiu tin* Kfii'lh of, 
110, 111; (list.'iiUK* from tlit* 
Hmi uf, ‘J4Ci, .'I'lS ; l);il)ital)ilily 
of, 'ITu ; In-at ri'ct‘iv<‘(l from 
tlu! Sun by, iiitfnial 

boat of, 'I'f'l. lac.k 

of jx-nuaiiciit. fcaluro^ of, ‘J.'):? ; 
Ia<‘,k of solidily of, lMS, 'J'jH, 
'J5l ; momoiit of momentum 
of, .V(l, fiA.'j ; or'eiiltatioii of, 
•J.'i'); orbit, of, 1 1 1,1 l.’i,‘JtCi; jiatli 
of. jiertnrbed ])y llieatl ractioti 
ot Sat uni, ;ili» ; i»ei iodic time 
of, .'i.Vs ; a idaiict., or “wan- 
derer,’ 1 1 1 ; I'eil spot ill isTs, 
I’otS ; levolutioii of, iflil; rota- 
tion of. HOI. ‘JOH : satellites 
(d‘, H 17, H l;‘. H.'»7 HOI , HC.o, o.V.t ; 
.satellites ol, and ;:iav itatmn, 
•Ji'ii'i ; saltdiiles ot, and the 
( ’opernican theory, HiiV ; 
shadow Iroiil salellitest.f. H.^7 ’, 
shape of, HU I, HO'’, Ht7. H.'iH ; j 
si/e of, eom])ai'ed witll tlie 
Karih, 11*, Hlo, HIS, and other 
l»lanels, 114; and the Sun, 
111; slot ms on, H'lil ; t ides 
on, .'iho ; wei.iiht of, H4S, 
ami Kne.Ue’s eomet , :’,')U 


K 

Keeler, I’rofessoi, ami Saturn’s 
tin;;. HsS 

Kempt, l)i., and the Sun’s m* 
loeity, 4S1 

Kepler, and comets, itiio ; and 
laws of ]ilanotarv motion, 
10; and meteors, :{sti ; ami 
the orbit of Mans, HO'.t ; ex- 
jtlanation of his laws. I 17, 

I ls,;'i;i3; Ills discoN'ery of the 
shape ol the planetjiry orliits, 
i:h), IHS; his tirst plamdai'y 
law, IHS; lunar crater called 
aftci' him, tto ; pri'diction of 
the transit «»f Venns and 
■Mercur.N, 103, I7S ; second ' 
law, 141 ; third law, I IH [ 

Kids, the, 411 | 

Kirchliolf, and -.peet i nm analy- j 
•'is, 47.^ ] 

Kirkwood, I’lofe-^sii, , ;ind tilt* I 
moNcnients ot Saturn’s satcl- i 
lites, I 

Klinkerliics, rrofessoi. H'.'O 


b 

bayranjic, ami tin* tlicojy of 
planetary perturbation, ;{H0 
3HH ; hisassumplloii of planel- 
ar> ri^mlity, a.'tl 
1,’Ai^le meteorites, tl ;»1>H 
Lalan(le,aml N(*i)tiine, 33H. 333 
bandscapes, lunar, t*s 
bane, Mr. .1. Jlomt'r, .'HH 
Jaiplace, ami tin* nebular 
tlieory, .Vji» ; and the satel- 
lites "of Jupiter. Hrat ; ami 
tin* theory of ])lam*tary per- I 
turbation," 3H0 

Lassell, Mr., and Saturn's 
ei^htli satellite. *H!til ; dis- 
covers Neptune’s satellite, '331 


Faiw’ of j'ravilation (.sv'b (iravi- 
tation) 

faiws of Plamdary M«)tion (.see 
lMam*tary Moti«»n) 
bead in the Sun, .ah 
Ledger, Mr., anti Mercury, lb3 
la'ihiiit/, lunar mountains 
named after him, h3 
beimmnier, and Uranus. 31H 
beo, and shooting stars. ;tSh, .j'HO 
Jieonids. attiaetions of plam>ts 
on, 3K») ; breatith <d‘ stream 
ot, 3S7 ; chan;;e of shape of, 
3.S3 ; decrea.se of, lis.'i ; enor- 
mous number of, ;{SH ; his- 
toiical records, 3S.3 ; len>tth 
of stream of, 3S7 ; be Verrier, 
and tlie cause of tlieii intro- 
diicl ion into the solar system, 
;1SS ; meteor shoal of, 3SH ; 
])t*nodic return of, .‘»,SH ; their 
connection with coun*is and 
1‘rolessor Se.hiapaielh, 3,SS 
bi'onis 7 , value, of velocity of, 
tsi 

bevcratte by eipiatoiial pro- 
t uberance, 4'.*s 

be Verrit*r, and Mars. H14 ; ami 
the dis<*overy of Neptune, 
3H4 3:’.H ; ainl the introdiic.- 
tion of the b(*oni<ls into the 
solar system, ;tss ; ami the 
weij^ht of .Mcieui> , 34;* 

I. even’s comet, .’>70 
bibiation, St 
lack ( Ibservatoi V, 1*‘» 
bicht, aberration ol, .'lOH—MH ; 
velocity of, HOI, Ht»H, HU.>, 

.OIH 

biiitie, S7, t't 
bion, the, 4‘HO, 4H1 
bittle Hear, the, 41H 
bit tie Dojr, the, 4*H0 
liivy, and im*teorites, 31*3 
liloyd, I’rovost, 407 
bockyer, Sir Norman, and 
Hete!«j;eu/.e, 4SH ; and solar 
li}?ht, 5H 

boiidoii, tides at, r>3S 
boiivaiii, F. Terbv, ami 'J’itan, 
H‘.tr> 

bowcll, Mr., and .Mercury, lO.’i 
liUnar tides, /i ts, oH* 
byra, niolion of solar system 
towaids, 4.'>;) 

byre, the, 4HI ; Nebula in, 4t>;* 
by I ids, the, 400 


M 

Miidler, and tlie lunar ciaiors, 
ss, ;»(i, 01 

Ma;;t*llanic clouds, 403 I 

Mat^iiesiuui, colour «ir tlamc I 
from, to ; in the >Sun, oO 
Mai^netism. connection with 
.Sun sjiots, 4H 
AlaujHauese in the Sun. .'»0 
Maraldi, and the line's of 
• Saturn, H7;' 

Marc cri.siuni, S3 ; fiecundi- 
tatis, .S3; liumorum, .s;; ; 
iinbrium, S3, OS; ucctatis 
S3 ; nubiuni, S3 ; sorenitatis, 
83 ; tranquillitalis, .S3 ; vapo- 
ruiii, S3 


Mars, ancient study of, 0; ap- 
Jiearaiice of, throueli the tele- 
scope, HlS; at iiiospln'i'c of, 
2HH ; axial rotation of, .Or>S ; 
canals on, HHO ; density of, 
ft'jS ; diameter of, fjOS; distance 
from till* Karih of, H13 ; dis- 
tance Irom the Sun of, H13, 
•a.'.S; j^ravitation on, HHa ; be 
Verrici’s discoveiy of. Hit; 
lile improbable on. HH4 ; 
markings on, HIS; movcmi*nls 
of, H11-H13; opposition <>1, 
H0'.» Hit ; orbit, of, 110, HOI*, 
Hit), Hb3 ; orbit, of, and the 
lawsot Keiiler, HI*'.*; i>arallax 
(bs77), and Dr. I). (Jill, Hit ; 
jtcrioilic, time of, ; a 
planet or “ wanderer,’’ 111; 
“ Polar baps” on, HIS, Hl'.i; 
pro\imit\ to the 'rlarlh ol, 
110; risiii” and setting; ol, 
ho;*; rotation of, HIS; .satel- 
lites of, HH.'t- HHS, ,h.")S ; si/c of 
c«tm)>ared with other pl.inets, 
110, Hit'.; I idc.s on, Ool ; water 
and ice on. Hi;*, HH4 
Maximilian, Kuip(*ror, 303 
Mayer, Tobias, and IJianus, 31H 
.Measurement of the Karih, 103- 
I'.tO 

Mediterranean, t ides in tin*, .hh" 
.Mercury, ancient slud.y ot, 0 ; 
antiquity .d' its disco\er.\, 
1;V) la7 ; at.mosj)h(*rc of, li’ih; 
attraction on comets of, 317 ; 
climate of, 103; comitarative 
]»ro\imity to the Karth of, 
111: composition of, lilo ; 
ciesccnt-shapcd, 100; density 
of, .O.OS ; diameter of, FtFtS ; 
distance from t In* Sun id', lol, 
S ; habitability of, 103; 
movement ol, 100, 101; its 
elliptic form, 13!*, Mil ; orbit 
of, lit; period of icvolution 
of, 101 ; pernxlic appearances 
of, l.aS ; jx'i'iixlic t ime of, .OaS ; 
perturbations ol, 3.M) ; a 
jilaiict, or “wanderer," 111; 
icvolution of, 10r>; rotation 
of, and Ih'olcssor Schiaparelli, 
10.a ; si/t* of, compan*d witli 
otlicr ]>lam*t.s, 1 10 ; surface of, 
10H;tiaiisit of, I .^*H ; 1 raiisit ot, 
ami (la.sseiidi's obs(*rvations, 
b:4; transit of, pmbeted by 
Kei>h*r, 103; velocity ol, ItiH; 
W(*ij^lit i>t', liiO, 3tl> 

M**ri<iiau eireh*, HH, H t 
Mc.ssicr’.s Calalonue of Stars, .''iHl* 
Meteors (.s/'c .Stars, sh(X)tiu{.C) 
.Meteorites,:!'.*! ; Alban Mount, 
.‘i;*3 ; ancient accounts, !!;**.?, 
3;t3 ; Hcnarcs, 3;*H • Hiitsiiia, 
;t;»7 ; bhaco, .3PS ; clairact eris- 
tics of, ;t;t7 ; bliladiii’saccoiint. 
of disco\cry in Sibcrhi, ;i!*H ; 
miiiposition of, ;i;*7-31*;* ; Kn- 
sisheim (HUH), 3;*3 ; Hindoo 
accourt of, 3!)1 ; b'Ai^dl?, 3i*H ; 
not connected with comets, 
400 ; not connected with star 
showers, 400; Or^ue^l, 3;*;* ; 
ori}^iii, 400-408 ; (.Ivifak, 407; 
Howtoii, 3'.*5-3l*t) ; Wold Cot- 
tage, 3;*H f 
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IMicroiiiotcr. S(» 

Milky Wiiv, M-J-:}, ITi-i; 

Mimas, .).v.* 

Minor ]iliim‘ts, 'J-JO-'JII 
Mira L'l-ti, DO, -is-j 
Mizar, -l-'is, 4.Sii 

Mommit of mointmtum. tlm, 

r>'d~r,r,i 

Mouth <h' (Uic (liiy, ") tT 
Moon, 'riu', rjf .-lir <ni. 

So, O'.i ; absciKMoif lii'af on, 0*»; 
a,u:t*iil in cansino tlm liilrs. 
To. ,');{.■) ; anciimt dis- 
coveries resjH'et ino, A; ;ij>- 
parejit sizenf, T.'J ; atliaetioii 
to the I<]ait]i of, To; Iniolil- 
iiess ol, as eomjwired with 
tlial of the tSnn, 71 ; 
ehaimesdnnii;^ ilieiiKinth of, 
7l , 7 t ; eliai I of surfaei* o|. M ; 
<*ratiTs on, s:;, M, s.'-OS, d t ; 
<h*nsity ot, AAS ; dianieler of, 
AAS : distance troiii tlie Karlli 
ol, TIh 7.7, AAS ; eelijises ol, 
ti, T7-S0 ; illustration ol (he 
law of mavitation, '.id, l:tl, 
Itk't; landM‘a]ies on, '.is ; li!e 
ini}«)ssilih‘ on, ‘.lO ; nieasnrin;f 
heights ot mountains, ele., 
of, S'l, Sd ; mierometer. sd ; 
motion of, 7.7; mountains 
on, Sd, S7, SS, S'.l, 'll, '.Id; 
pliases of, 71, 7d : ]dane of 
orhil of. .dio, .700, 701 ; ))oets 
and artists ;md, 7‘J ; pole, 
.700; po.ssihility of ejeetiii;; 
meteorites, lod ; ])ossihly frac- 
Ini'ed oH‘ from the eartli, .71.; ; 
l>i’e-hisloi le t ides on, .d-is, .74‘.» ; 
luoduees pieeessitm, l'.)7- l'.i'.i ; 
j)i'o\imil.> to tile Karthot,7d, 
7.7 ; reeedin^t from llie Kaith, 
74.7; ]'elali\e position of wifli 
rej^anl to tin* ICarlh and tlie 
tSiin, 7d, 77 ; re\ oint ion ol. 
ronmi the Kartli, 77, 7i>, .7.7s ; 
“seas” on, S*J. .Sd; shadows 
of, S.7 ; size of, eom])ared 
w'ith that ol the Earth, 7l ; 
lest for eliioiiomefers, a, so; 
fliraldoni ol lerrestiial tides, 
.71'.l; wateiless, 100; weather 
not alleeted )>y 1 lu- jdi.ases i>i\ 
S‘J ; weij'ht of, 74 
Motion, law-, of plaiietaiy, l.ds, 
111, 14-J, 117, 14S 
Mountains of the Moon, Sd, S7, 
;id 

X 

Nasmyth, Mr., and the forma- 
tion oflunaj' eiater.s, ‘.i.7 
Natural lli.story Mu.seum, 
meteorilea, d'.i4 
NdUtiiol Ahiui iKtrl,, Is'.i 
Nea]) Tides, 7dS 
Nehiila, in Andromeda, 4d'.i ; 
annular, in Lyra, 4i;'.i ; in 
Orion, dil'.t, 4id, 4dd-4d'.i; 
C^ilour «)f, 4dS ; ^na>;nilude 
of, 4d.s ; nature of, 4it7 ; plane- 
tary, in Draco, 470 ; simplest 
tjgie ol a, 72S ; vanou.s 
grades of, 72S 

Nehuhe, 4i)4>47‘J ; eollden.s.-i- 
tion, .7-Js ; distances of, 404 ; 


doiihle. I7t> ; ller-schel’s 
lahours respeetiu't, 4ii4-l»>f7, 
.7d.s, 7 l’'.» ; nnmlx'r of, 4ii»i , 
planetary, 170 ; selfdumin- 
oiis, Idi ; smallest .greater 
than the Sun, 4iil ; spir.il, 170 
Nebular t heoi-\ , the, 7‘_*l» 
Neptune, lid; Ad.ams's I'e- 
.searehes, .ddl :{Ji;, ;td_' ; 

( diallis’s ohserxationsMf, .dddi - 
ddS ; ileiisit.v of. .7.7s ; di- 
ameter of, d.d3, .7.7S ; disc «)l. 
ddj ; di.sco\ery (ISld) ol. 
dl 7 ; distance IVom 11 m' Sun 
ot, .d.d4, 77.S ; Ijalamle's idi- 
ser\aliou.s of, ;{dd, ;{dd ; r,e 
Vender's nilenlat ions, d.dl - 
ddd: moment of momentum 
of, .7.74; orlnt of, 117; peri- 
odic time of, 7'.S ; |e\(du 
tion ol, ;id4 ; rotation ol uii- 
eerlaiii, :tdd ; satellite of, dis- 
eoxeied h.\ .Mr. I .»a.s.sel). 77'.i ; 
sj/i' of, eom]»ared with other 
pl.aiiets, 1 1!» ; \apoions atmo- 
sphere of. d::d ; \vei.<rhl of, .‘{dd 
New all. .Ml. 1 1 E , au<l Capella, 
l.'s7 ; and llie \alues of \e. 

loeily o| slais. l.Sd 

New'Coiiil), iTolessor, '.i,l.*itt, di'o. 

Newton, Professor, and im- 
li'orje showers, ;!77. dsl 
Newton, Sir Laae, discovery of 
Idravilatmn verilied Kepler’s 
laws, 1 14 ; d\ iiamieal tlieoix. 
dll; illusiralions of his 
lejieliine, 111-147; law' of 
era\ilalion and, ld7, Idi'., 
737 ; parabolic pat h of eomels 
and, dds :;i(l ; lelleetiie.; 
tele.seopc, p.i ; wei;'ht of the 
Earth and, dhd 
Nickel m 1 he. Sun, .70 
Nine\eli, astronomers of, I7d 
N'ordenskjfdd, and the Ovifak 
meteorite, I07 

Nova Cy^ni. 4dl ; brillianey of, 
\ >\ ; decline of, 177 ; distance 
ot, l.7d ; j)aiallax of, 177 
.N<>\eml»er meteoi.s, ;i7i', 377, 

•Nutation, and Mradley. .'’>01 


(I 

01.eion, .dO'.l, .7.70 
<)bpcl-};la.sses, 11, Id, 1 I, Id, 10 
( )bsei \ atol le-,, 0 d-S 
( )bs4*rvaloi V, (-ape of (lood 
Hope, d7 ; Dutisink, Id, 1S4; 
Hreenwich, di», 31 I ; lack, li; ; 
Pans, dd ; I laniboi;^, 10; 
N'teijiia, I I ; Washington, ddd; 
Verke.s, Id 

Oceultal loll. Hid, dl.7 
Oeeaniis iToeellarnm, 

( )pera-j;lass, d7, d.'< 

Opposition of -Mais, dti'.i 
Oihital moment of momeninm, 

Orbits of planets, 114, 117, 117 ; 
dniieiisi«>ns, ldO-143; ellipti- 
cal form, ld.s-140; minor 
planetf,, ddd, ddl, ddO ; not 
e.xactly circles, l:{.7 ; «if .sabd- 


lite.s (d‘ ITraims, dlO ; Sun the 
eonimon focus, l.dO 
Oidiiieil meteorite, tlie, .d!)0 
Orion, 1, 41S 

Orion, belt. of. 41S, Jd7 ; bril- 
liancy of, 41.S ; nebula in, dd'.i, 
Idl. -idd Id'.l 
( triimis, a, II.'', I.''!d 
Orioiiis, 0, a miiHiiih' star, ;ns, 
Id7 

0\ ilak meteorite, the, 407 


Pali.s;i and the minor jilaiiets, 
dd 1 

Palla.s, d;5'!, dd.s 

Parabolic path of comets, ddS- 
diO 

Parallai't ie »'llipse, -t 1 1 
P.irallav, ISl, ISd, dl 1, 1 Id ; of 
stars. 707 

Pans (ele.scope, dd, d.’t 
Pej^asns, };reat .si|nar(' of, lid, 
lit 

Peu-toj), 1 1n', and the rotation 
ol the Eailh, lit I 
Peiidnlnm h i del enniiun;.; t he 
loiei' of (Im Kartli’s atlrae- 
lion, ‘JO 7 

Pemiiiibra of Snn-spol , .71 
I’eillielloll, lll.d 

Periodn* t iiiie^ of planets, Id'.i- 
I l.d, .77.S 

Penoilii'ily of Sun-spots, 11 
Perseids. 100 

I’ersens, 41 », 4 Id., IJ'.i, 4 ; 

sword-handle, til.; 
Pertnrhation, planetarv, dl7 - 
:tdi, did 

Perturbations, tlnory of, d'ld 
Petaviiis, '.Id 

Peter.s, I'lofessor, and eliarls 
ol minor ])lanet s, dd I ; and the 
deranoemenl ot Sinus, td7 
Phases of t he .Moi m, 71, 7d 
Phobo.s, dd'l, .771, .7.7s 
Phot«iuraph> , and j)r:ietie:d 
ast ronoiiiy, d.7 ; and fheitis- 
tanec ol dl (.’> oiii, 4 I'.i ; I >r. 
Poberts and tin' nebula in 
Andromeda, Id'.'; Ml. <'oin- 
mon and tin- nebula in ( >rioii, 
4d'.»; Sir W. 1 1 ii;.'dins .and tlie 
spei'tra of nelmhe, 17:'.. 
IMiobispheri', l.lie, .■'.7, 7 I 
Phvsical n.at.iire oft he sbirs, 177 
Pia/./i, di.-^coverei- of tin- lust, 
know n minor planet, do.d 
Piekc'rin;^, Piofessoi, dls, ddO, 
d.7.>. dd.7 ; and liel,elo(.n/e, 
l.Sd; and jilanebary net.iilie, 
•171; ami Saturn’s ,s;ii elhi cs, 
dim ; a' d speel ro.scojiie biii- 
arii- 4.si;, 1s7 
Pico, .s'.l 

Piain'tarv motion, Kepler’s 
laws .if, l:is, 141, bid, 147, 
I l .s 

Idanel.ary nebula-, 470 
J’lanetaiv p»*rlnrbat i.m, :'.I7 - 
dd I 

Planets, :uieieii1 ideas respect- 
ing d, <1 ; a|tproxiniate nniri- 
berof, lld;aUra.‘t eaeli other, 

I is, 317 ; attracted by comets, 
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3«)0; Bode s law, *230; com- 
pamtive sizes of, 1 IS, 111) ; dis- 
laiice- of, froio the Earth, lOD- 
11 1; distaiu-e of, from theiSiui, 
ifiS ; how distinguished trom 
stars, 111; irregularity of mo- 
tions of, 317-324 ; lia^^raiiKe’s 
theory of rigidity of, fiill ; 
lij^lit of, derived from the 
Kun, 113; minor, 22l)-214; 
mbits of the four };iaut, 117 ; 
orbits of the four interior, 
114; orbits have their focus 
in the, centre of the Hun, 13l» ; 
orbits not exactly eircles, 
137); orbits take tln^ IVn in (d‘ 
an ellipsis I3(i 13S; oii;;in of, 
as suy};e^ted by tlje nebular 
theory, b2<i ; periodic times 
of, 13!).143, A.^S ; relati\e dis- 
tances of, 221) ; uniformity of 
direction in their levolution, j 
120, 322 ; velocity of, 130-142, 
144, 14<), 237 
f’lato (lunar crater), SO 
JMeiudes, 241, 41t; ; invisible in 
the summer, 410 
Pliny, tin* tides aJid the Moon, 
03h 

riouf^h, the, 2S 
l’o>;son, Mr., :J0() 

J’ointcrs in the (treat Bear, 2S, 
111 , 

I’olar axis, lOti 
Polar caps on Mars, 2IS, 210 
Pole, the, distance of from Pole 
Htar lesse.iiijij;, 404 ; elevation 
of, lOA ; movement, of, 402 ; 
near a Diacoms, 404 ; near 
Vejia or a Pyra, 404 
pole Star, 104 ; belonj^s to the 
Pittle Bear, 412 ; distance of, 
from the pole of the heavens, 
412, 402, 404; i)osltion of, 
411; slow motion of, 412 
Pollux, 420, 4SU ; value of 
velocity of, 4S4 

Pons, and the comet of ISIS, 34.i 
Posidonius, S7 
Potassium in the Sun, 30 
Piicsepe, 422 

Precession and nutation of the 
Earth's axis, 402 .'*02 
Pioetor, and tlie stars in Arj^e- 
Innder’s atlas, 470 
Prism, the, 4.'j ; its analysiiiK 
power, 40 

Pritcdiard, Professor, stellar 
l*holo}fraplnc researches of, 
440 

Proevon, 420 ; value of velocity 
of, 4S4 

Piominences on the Sun, .Ali-AO 
Ptolemy, his tlieory of aslro- 
nom)^ It ; lunar crater named 
after him, 02 * 


Q 

l^uarantids, the, too 


B 

Radius of the Earth, 193, 012 
Rainbow, the, 43 


Ram, the, 420 
Riitlectors, ll), 21, 2.A 
Hetraction by the ])nsm, 4.') 
Refractors, 11, 14, 10 
Jtegulus, 421, 479 
Reservoir formed from tidal 
water, .A3.S 

Retina, the, and the telescope, 
10, 11 
Rliea, .A.V.) 

Ri«el, 41S, 420, 4S0 . 

Ki”i<lity of tin* planets, oiri, .033 
Roberts, Dr. Isaac, ami the 
nebula in Andromeda, 4ii0 ; 
mid the iiebul.i in Orion, 4r»0 
Rocmer, and the velocity of 
lij^ht, 201 

Itomanee, jdanet of, 1.A1-I.j4 
Rosse, telescope, the, 10, *20. 
lOS, 470 

Rotational moment of monieii- 
[ turn, .A.'i.l 

Rowland, Professor, and snee,- 
tial lines, 491 
Howton Siderite, :i9.'* 

Uoyal Astronomical Society 
and Bessel, 442 


S 

Sappho, 242 

Satellites of .Inpiter, 249, 2.'>0, 
2AT-201, 2i»i>, .3a9 ; eontir- 

iiiation of the (’opernican 
thcoiy, 207 

Satelliti‘s of Mars, 209, 22.'>-22S, 
.V)l, .WS 

Satellites of Neptune, 33 1, .7.V.) 

Satellit es of Saturn, .A.')!) ; Bond’s 
iliseoveries, 29(* ; (,'assini's 
discoveries, 294 ; ilistances, 
r*u9 ; lleischel’s discoveries, 
293 ; Huyeheiis’ <liscovery, 
293; Kirkwoml’s deduction. 
29(5; Lassell’s disluetion, 29(5 ; 
movements, 290 ; orijjiii as 
su^}{ested by tlic nebular 
theory, A20 

Satellites of Uranus, 30.S, 309, 
310, .A.A9 

Saturn, ancient study of, 0; 
alt I act ion on VJramis, :i22 ; 
axial rotation of, A.A8 ; beauty 
of, 209 ; comparative proxim- 
ity to the Kjirth of, 110; 
density of, .A.A.S; diameter of, 
271, distance of, from the 
Sun, 21 * 8 , 271, 6.AS ; elliptic 
l»ath of, 271 : };ravitati<»n 
]iaranumnt, 2S3 ; internal 
heat of, 272, r»l.A ; Ueoniils 
and, 380; low density of, 
272; moment of momentum 
of, .A.AI ; motion of, *271 ; orbit 
of, 117, 118; i*ath of, per- 
turbed by the attraction of 
.Inpiter, 310; jieriodic time 
of, .A.AS; period of revolution 
of, 209; pictnresqueuess of, 
291 ; ]iosition of, in tlie solar 

• system, 2(*9 ; rings of, 209 ; 
rings, Bond’s discovery, 2S0 ; 
rings, Cassini’s discovery, 
278 ; rings, consistency, 2S0 ; 
rings, Dawes’s discovery, 
281 ; rings, Galileo’s dis- 


covery, 273, 274 ; ring.s, 

Hadley’s observations, 282; 
rings, llerscheVs researches, 
279 ; rings, Huyghens’ dis- 
covery, 27.0-27S ; lings, Kee- 
ler’s measurement ot the rota- 
tion, 288; rings, Maraldi's 
i-escarches, 279; rings, rota- 
tion of, 28A, “2SS ; rings, 
spectrum of, 291 ; rings, 
'frouvelot’s dr.awings, 27S ; 
satellites of, 293, 294, 29‘>, 
290, .Ar>9 ; size, of, compared 
with other planets, 119, 2i)9, 
272; spectium of, 291; nn 
equal ill apiiearniiee to Mars 
and Venus, *2i‘>9 ; velocity of, 
271 ; weight of, coinpared with 
the Eartli, 272 
Savary and binary stars, 43r* 
Schaelx'i le, Mr., and M;\.s. 224 
Sclniner, and the values of 
I velocity of stars, 4s3 ; obsei- 
vations on Sun-spots. :{ii 
Schiaparelli, Prolessor, and 
.Mars, 220; and the couiice- 
tiou between sbootiiig-star 
sbovversaud comets, 388; and 
the rotation ot Mercury, liT* 
Schickard, 90 

Schmidt, and Nova (’ygiii, 4.'H, 
489; and tlie (*iater Ijiiiiie, 
87; and the Jicilmitz Moun- 
tains, 93 

i Sehioter, and the erati*r Posi- 
I donius, .^7 

1 Sehwabe, and Sun-spots, 40 
I Seas in the Muon, 82 
j Secehi, and stellar speet ra, 479 
Shoal of shooting stars, 377 ; 

dimensions, 377 
Shooting stars (w'f Stars, slioot- 
iog) 

Sickle, the, 421 

Sidereal aggregation theory of 
Sir W. Hersehel, .029 
Siilerite, Kovvton, 390 
Sinus Iriduni, 83 
Sirius, change in jtosition of, 
426 ; companion of, 427, 42 S; 
exci'plional lustre of, 110; 
irregularities of movement 
»>f, 420 ; larger than the Sun, 

1 10 ; most brilliant star, 419 ; 
])eriodieal appearances of, 
1.07 ; lu'oper motion of, 420 ; 
.spectrum of, 479 ; velocity 
of, 420 ; vveiglit of, 427 

Smyth, Prolcs.sor C. 1’,, 493 
ScKlium, colour of llame from, 
49 ; in the Sun, .00 
Solar eorona, prominences 
etc. (sir inider Sun) 

.Solar system, 107-121 ; (Jopv*r- 
niean exposition of the, 7 ; 
inlluenee of gravitation on, 
149; information respecting, 
obtained by observing the 
transit of Venus, 174 ; island 

111 the universe, 121 ; minor 
planets, 229 -244; momgiit 
of mouc ntum, 654 ; move- 
meut of, towards Lyra, 467 ; 
origin of, as suggested by the 
nebular tlieory, 520 ; po-sl^ioii 
of Saturn and Uranus in, 297, 
306 
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Sontli, Sir James, 12 
iSpectr i of stars, IT*.* 
fcjpeftro-helioiiraph, 58 
Spectroscope, 43-50; detee.tion 
of iron ill the Sun by the, oO 
Speetroseopie binaries, 487 
Spectrum analysis, 47; dark 
lines, 10, 60; gaseous 

nebuhe, 474 ; line d, 48, 4i» 
Speculum, the Kosse, 20 
Spi( a, 423, 487 

Spiibr-tlireads for adjusting the 
niieronie.ter, SO; for sighting 
tehiseopes, 22 

Spots on the iSiin, 30 43 ; eon- 
necfion Avith magnetism, 42; 
ejeles, 4) ; duration, 41 ; 
epochs of niii\mium, 42 ; 
mol ion. 3t» ; period of revolu- 
tion, 40; Scheiiier’s oltseixa- 
tionii, 3(1 ; /ones in wldeh 
tliey occur, .‘I'.t 

Star (dusters, 401-401 ; in Tler- 
cnles, 402 ; in PtM'seus, 4(i2 
Stars, apitarent movements < I U(.‘ 
to piecession, nutation, ami 
abei ration, 504 ; appro.\iniate 
nninlKM’ of, 28 ; allracdion in- 
ajipieeiabU', 310; catalogues 
of, 310, 311, 401*, 4:11 ; (diarls 
of, 3i'), 328; eiieular mo\e- 
niiMit of. 5()5-:»07 
Stais, distances of, ill ; 
liess(d’s iaboius, 442 -4 lt»; 
tlendei'hon's labours, 4 12; 
method of nieaMiriiig, 443- 
445; Struve's uoik, 442, lls, 
44'.'; parallactic ellipse, 444- 

44;' 

Still's, double. 431 ; Hode's list, 
435; Hiiinliani's additions, 
431'; Cassini, 434; ller.scbel, 
435, 430 ; nieasureniont, 435, 
430 ; revolulioi), 130; Savary, 
4.30; sliajie of orbit, 430 ; 
Aariatioii in colour, 438 
Stars, elliptic nioAimieiifc of, 
.5(j0; gra vital ion and, 140; bosv 
dist iimnislied from jdaiuds, 
ill ; physK.Ml nature of, 477 ; 
probability of tlieir p(».ssess- 
ing a ])lan(dary system, 12I ; 
real and apj)arent move- 
nieiits of, 504 ; really suns, 32, 
121 

Stills, sJiooting, iiftractions of 
tlie planets, ,380; eonneidiMii 
with eoinets, 3,88-300; eonnt- 
less in nnniiier, 372; dimen- 
sions of slioiil, .‘{77 ; fealnies 
ol, 373 ; leiigt li of orlat, 387 ; 
orbit, 37S ; orbit, giadmil 
eliiinge, 380 ; jieriod of revo- 
lution, ;184 ; periodic return, 
378, .370 ; sliower of Novem- 
ber, 1800, 377, 370-380 ; 

shower of November, 1800, 
and Professor Adams, 384, 
3S0 ; .shower of November, 
1800, radiation of tracks injin 
,380 ; showe^of Novem- 
her, 1872, 380; slfjwers, :170; 
showers and Professor New- 
ton, 377 ; track, 377 ; tiaiis- 
ffhnniMl into vap«)urbyfrietion 
with the Earth’.s atmo.sphere, 
374, 370 ; velocity, 373, 380 


Stars, spectra of, 479 ; teaching 
of ancients re.spoctiug, 3; 
temperaUire. of, 515 ; tem- 
porary, 430, 488 ; values of 
velocity of, 4S4 ; variable, 420 
Stoiiey, Dr. (1. J., 387 
Strontium, Maine from, 40 ; in 
the Snii, 50 

Struve, Otto, and Ihe distance 
of Vega, 442, 447 ; ami iho 
di.stance. of 01 Cygni, 448, 440 
Sun, Tlie, and the velocity of 
light, 205 ; apparent size of, 
as seen from the planets, 117, 
118 ; as a star, 32 ; axial rota- 
1 tion of, 5.58 ; compared with 
tin* Kail h, 20; eonneetion of, 
with the seasons, 4; corona 
of, during cclip.se. (i2-01 ; 
dmisity of, 05, 5.58 ; diameter 
of, 558 ; distance of, fmm 
Mars, 213; distance ol, from 
Sat 111 n. 271; distance of, 
from the Earth, 31, 111, 1.S4, 
210. 5.5S ; ech|ise of, 0, 53; 
idliptudly of, .558; f.ieuce on 
.surface of, 37 , loeiis ol 
jdanet s’ orbits, 138; gradnali> 
liarling with its lieat, 05; 
gramdes on surfaci* «*f, 31 ; 
heat of, ami its .sonrees, .51.5- 
520; Imwl. of, till own on 
.Jujuter, 250; nimoi' planets 
and, 210; niovi'inent ol, to- 
wards Eyra, 4.57 ; nebular 
theory of its lieat, 520; pho- 
1 ttgra plied, 34 ; j'ri'eession of 
the Eartli s axis, 407 ; luonii- 
iiimeesof, 53 50 ; relation of, 
to the Moon, 71 ; rising and 
.setting <ir, 2 ; rotation of, 40, 
201 ; .si/(‘ ol, 20 ; spectrniii of. 
IS; spots on, 30-43 ; spots, 
eonneetion with magnet isni, 
42; storms and convulsions 
on, 42, 13 ; surface ol, gaseous 
matter, 31 ; suilaee ot, 
mottled, 31 ; teaching of 
early astronomers e.one(*rn- 
iiig, 3-7 ; temperal ure of, ;to, 
31, 510; texture of, 31 ; tides 
on, 530; vidoeity of, l.sl; 
weight of, compared witl, 
.Inpiter, 250, 3.50 ; zodiacal 
liglit and, 07 ; zoins on the 
.snriaei! of. 3!» 

Sunbeam, revelations of ;i, 44 
Swan, the, 424, 43'.», 445 
SwiuiMiamlle of Piuseus, 402 
Syrtis major, 222 


Taurus, conslellaf ion of, 231, 
lll» 

Tebbiitt’s comet, 353 
Telescope, const riietifui of the 
fust, 10; eipiatorial (Dun- 
sink), 12-14, 185; (•recnwieh, 
20; Ilenschelian, 19; Lick, 10, 
10 ; Paris, 22, 23 ; rellecting, 
10, 21; refraeling, 11, 14; 
Kosse. 1!», 20, 408, 470; 

sighting of a, 23 ; structure 
of the eye ilJu.strate.4 the 
principle of the, 10 ; Vienna, 


14-10 ; Washington, 220 ; 
Yerke.s, 10 

Temporary stars, 430, 488 
'I'ethys, .550 
Theophilus, ‘»2 

Tidcs.The.act mil energy derlve«l 
from tlie Earth, 5,30 ; atfeeted 
hy tlie law’of gravibition, 140, 
53.5; alleetoli by the Moon, 
70, 53.5-537 at Hay of Kundv, 
5:{S; at (’arditl, .538; lit 
CluO'Stow, 538; at London, 
538; at St. llelena, 538 ; 
excited by the Sun, 537; 
foi niatioii of currents, .538 ; 
in Hristol Cluinnel, 538; in 
Meditiuranean, 537 ; in niid- 
oeean, .53s ; Jupiter and, .552 ; 
length of the d;iy and, 
511 ; lunar, 5 18, 5 10; Inoment, 
of imuiientiim and, 552 ; 
neap, .537; rotation of Hu* 
Earth, and revolution of tlie 
Moon, 5 10 ; satellites of Mai s, 
.5.51 ; solar, .5.50; spring, 537 ; 
xaiialioiis III, 5.38; waste 
of watiii- power, 5:ts ; work 
etteeted, 530 
Tin in tlie Sun, 50 
Titan, 204, 205, .5.50 
Tilania, .300, .5.50 
Tramsit ol Mercury, 152, 1»)3, 
I114 

Transit of Venus, 1.52; fta])taiM 
Cook, I. St ; ( ojielaml'.s oliser- 
vatioiis of, ISO; Drabtree’s 
obseivations ol, ISO; Das- 
seiidis obsi'i’vat ions of, 178; 
Halley's method, ISO, 181 ; 
lloiroeU.s' obsi'i'Mil ii'iis ol, 
170, 18(1 ; iiiipoi'taiice of, 

173 ; Ke])l«M‘’s pieilietion of, 
i(‘.3; observations of, at. Dnn- 
sink, I SI IS8 

Transit, ol Vnleaii. 152 l.')3 
Triesneeker, 81, !»3 
'J’louvidol, Mr. L.,and Saturn’s 
rings, 278 

Tseheiniak, and Mu' (Jrigin of 
iiH'ledi'ilos, too, 401 
'fyeho (lunar eiafer), 01 
Tyeho Hrahe, and tlie Observa- 
tory of L'ninib(Jig, 0, 10, 430 


D 

Umbra of Sun-spot, 51 

I’nibriel, 309, 55'.' 

Unstable dynamical erptili- 
briniM, 5)3 

Uraniliorg, Obsiuvatory of, 
10 

Uianus, 112 : attraction of 
Saturn, 322; Hradley’s ob- 
.seivafions of, 312; eomjiosi- 
tion of, .308 ; density of, 558; 
diuim ter of, :'.0S, .558 ; dia- 
meter of orbit of, 305 ; disc 
of, 308 ; discovery of, by 
IJenseliel, 30.5, 308 ; disLincc 
from Sun of, .558; ellipse of, 
313; tirst taken for a cimiet, 
304 ; Elamsieed's observa- 
tions of, 311, 312; formerly 
regarded as a stir, 311, 312; 
investigations to diacover a. 
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plunet outside Uie ortit, 3-23- 
.‘‘.24 ; irregular motion (jf, :;14, 
323 ; Ij«Mnormi(*r’.s oUs»tv;i- 
lions or,3l2; liconids and,3sr»; 
Mtiyj'i-’s oi)srrvati(ms of, M12 ; 

of iiiOM.cmlum of, 
r»r)4 ; orbit of, 1 17, 310 ; feri- 
(»dio tiiiM! of, .')oS ; pmioi of 
|■|•volIltiou (jf, 312; lotiUioii 
of. 3US; satellites of, 
Niitellilt's, <li.s(;oveiy by/ 
scliel, 30.S ; satellites, 
iiieiit nearly eareiilar, ; 
satellites, periodical in 
iiieiits, 300; satellites, jj,a le 
of oi'bits, .300, 310 ; si/e nf 
eompaied with the K itli, 
30S ; and with other pla ets, 
110; siib.jeet to aiv' ..tier 
attraetitjii ln*sides tlie Sun, 
314 

Ursa major {mi (Ireat Me. ) 


V 

Variable Stars, 120 
Ve,Ka, 414, 423, 42 1, ITO ; St.ru \ e's 
measiirenumt of, 442 
Velocity, of bubt., 201, 20-. , I’tio ; 
of li;.'ht, laws (ti'pendeiit 
Upon, ,01 1 ; of ])lam'l^., 140- 
143, 1 10, 237 ; of stars, . alues 
of. 4.S.3 1 

Venus, ancient stinly of, 0 ; 
aspects of, 171 ; atm sphere 
of, 13'.>; brilliuiiey o, b'.s; 


density of, •i.'lS ; diameter of, 
101, .'>.58; distance of, from 
the ijkin, I'.tl, .5.58 ; habit- 
ability of, 173 ; movement 
of, 108 ; neijibbonr to the 
Earth, 100; orbit of, 114, 
13.5 ; orbit form of, 130. 101 ; 
periodic time of, 5.58 ; a planet 
or “wanderer," 111; rota- 
tion of, 101; shape of, IbO; 
size of, eom]>arc‘d with other 
]tlanets, 1 lb. IbO ; surface of, 
171 ; transit of, 1.52, 17t)-l!n) ; 
transit, imj>ortaiice of, 173; 
transit preilieted by Kepler, 
bt.3 ; velocity and ]»eri<«lic 
time of, I 12, 143, 1 01 ; view 
of the anciciils .about, 
1.57 

\’esta, 233, 2.3S 
Vietori.a, 242 
N’iimna teiesco|>e, 1 4-bi 
N’iri'o, 42:> 

Voj'el ami Al<rol, 4.S.5 ; ami 
.Spira, 4.Sb, 4S7 ; and the 
sji(*<tra of the stars, 470, 
4.'^3 

Voleanie orii^io •>f meteorites, 
luO ; outbreaks on tlie E.artli, 
107 

Von Asl.en and Eiieke’s e«imef, 
34t>, 350; and the dislauee 
of the Sun, 3.51; and th«! 
wei<;bt of Mercury, !*•«> 
\'orte\ I iii|.^s, b'lO 
Vulcan, 152, 1.53; and the Smi, 
3 


W 

W.ari;pntin, 90 

Watson, Professor, and Mer- 
cury, 154 

Watson, Sir William, friendship 
with Herschel, 302 
Wave-len{,dhs, 00 
Weather, not atioctcd,. by the 
Moon, 82 

Wils*)M, Mr. W. E., aiul tlio 
nebula in Orion, 400 
Witt. Herr (1., ami Eros, 230 
Wold Cottage meteorite, the, 
302 

Wri^lht, Thonms, and the Milky 
Way, 474 

Y 

“ Year of SLars,’’ the, b'‘7 
Yerkes Ohsmvatory, t^iicago. 
Id 

Youn*;, Professor, account of a 
marvtdlous SuM-])rummenee, 
42; ami Snii-sixits, 3.S ; 
observations on nia;.j;nel li- 
st oi ms, 30 

/ 

Zc»nian. Dr., ami spectral 
lines, 401 

Zinc in the Sun, .50 
Zodiac, the, ;5 
Zodiacal Imhl, H7 
Zone of minor idanets, 2.31 
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